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PREFACE

The research reported in this document was conducted by The Boeing Company for
the Air Force Wright Aeronautical Laboratories under Air Force Contract
F33615-77-C-3059, "Optimum Ground Vibration Test Method." Otto F. Maurer was
the Air Force Technical Monitor for the contract. Bennie F. Dotson was the
Program Manager, Roman F. Michalak was the Principal Investigator for Phase I and
David W. Gimmestad was the Principal Investigator for PhasesII and III at Boeing
Military Airplane Company. Carl S. Doherty was the Lead Engineer, and
significant contributions were made by Rita M. Nadreau, at the Vibration
Laboratory of Boeing Commercial Airplane Company. At the University of
Cincinnati, subcontractor to Boeing in this research, Dr. David L. Brown was

Principal Investigator with significant contributions from Randall J. Allemang

and Ray Zimmerman.

The body of this report was written by Roman F. Michalak, David L. Brown,
Randall J. Allemang and David W. Gimmestad. Appendix A, the "Guide for Ground
Vibration Testing of Airplanes" was written by Carl S. Doherty and Rita M.
Nadreau. Appendix B, the "Aircraft Soft Support System" was written by David W.
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SUMMARY

The development of an improved aircraft ground vibration testing method is dis-
cussed. This method, a single point excitation-frequency response analysis
method, greatly reduces the cost of ground vibration testing while offering
significant improvements in accuracy. The development of this improved method

begins with a description of the testing philosophy and objectives of ground

vibration testing at airframe manufacturers in the United States, followed by a
description of the ground vibration test. The state of the art review includes a
broadly based literature survey. The industry interviews reveal areas where the
airframe industry, with exceptions, is behind the state of the art, and shows

opportunities for rapid improvement.

The single point excitation-frequency analysis method separates the ground
vibration test into a measurement phase and an analysis phase. The measurement
phase is conducted on the test site, and results in measurements of excitation
and response. The analysis phase is conducted in the laboratory computer room,
and results in frequency response functions and modal characteristics. Recom-
mendations include methods for ground vibration testing and specific equipment

jtems to improve the test.

; Recommendations are also made for future research and development and for
approaches by which ground vibration testing improvements may be applied to USAF
programs. A demonstration ground vibration test was conducted using the recom-
mended method. This test on an A-10 airplane is reported in Volume II of this
report. A "Guide for Ground Vibration Testing of Airplanes," which incorporates

the recommended method is also included in an appendix.
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1.0 INTRODUCTION

Ground vibration testing is an important element in the development of airplane
structures. Knowledge of the dynamic characteristics of an aircraft is needed to
analyze gust loads, flutter, shimmy, stability and control, maneuver loads,
buffet loads, environmental vibration, ride comfort, acoustics, taxi 1loads,
landing loads, etc. Calculating the dynamic characteristics is a complicated
process which is done during preliminary design and final design of an airplane.
The Ground Vibration Test is necessary to insure that the dynamic characteristics

used in all the dynamic analyses are correct.

The opportunity for a significant improvement in ground vibration testing
occurred when advances in a number of the vibration testing detail techniques had
improved. These advances were the result of incorporating the computer into the
test equipment, developments in integrated electronic circuitry, developments in
vibration testing theory and improvements in mechanical system design. Selec-
tion of the methodology for this improved ground vibration testing method, inte-
gration of advances in detailed techniques into this method, some further
advances and a demonstration of this improved method constituted the reported

research,

The discussion in this report begins with testing philosophy and objectives. The
testing philosophy and objectives of vibration testing as practiced in the United
States, and by the airframe industry in particular, is defined. The description
of a ground vibration test follows, in which its differentiation into measurement

and analysis phases, and its goals and assumptions are discussed.

L
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The state of the art review draws from a literature review, industry interviews
and in-house experience. The review first discusses the general methods used in
vibration testing, then reviews specific techniques used in ground vibration
testing and the characteristics of modal parameter estimation. The process for
selection of a recommended ground vibration testing (GVT) method fo]]ow§. The

candidate methods are rated by several criteria and analytical studies of the

modal estimation process are discussed.

The recommended ground vibration testing method, the single point excitation-
frequency response analysis method, is described in detail. The measurement
phase and the interpretation phase of a test conducted by this method are out-

Tined.

Conclusions are drawn on the current state of the art and on the recommended GVT

method. Recommendations on ground vibration test method are made. Also the use
of certain items of equipment is recommended for use in a GVT. Research and
development recommendations which would further improve the GVT are made.

Finally recommendations are made on applying the GVT improvements.

The appendices include a "Guide for Ground Vibration Testing of Airplanes" which
incorporates the recommended method and Volume II contains the "“A-10
3 Demonstration GVT Test Report." The latter report documents a demonstration GVT
that was conducted using the recommended method. An appendix discusses design
and development of an aircraft soft support system that was fabricated for use in

the demonstration GVT.

*J
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2.0 DISCUSSION
2.1 TESTING PHILOSOPHY AND OBJECTIVES

An airplane ground vibration test is a test performed on an airplane to measure
H its structural dynamic characteristics. The principal reason for conducting a
GVT is usually to support the flutter clearance program, a critical safety of
flight item. Other important problem areas supported by the GVT include gust
loads, shimmy, stability and control, maneuver loads, buffet loads, environ-

mental vibration, ride comfort, acoustics, taxi loads and landing loads.

In the flutter clearance program a mathematical model cf the airplane is usually
developed. This model is the flutter engineer's abstraction of the mass and
stiffness characteristics of the airplane. The objective of the ground vibration

test is to provide data to validate, improve or replace the mathematical model.

The quality of the finished test data must be adequate for the engineering task
it is needed for. Concurrent with this, the resources expended :nust be minimized

and all cost and time estimates must be reliable. This implies that:

a. The length of time the test airplane is commited to the test must be mini-

- mized.

, b. The number of skilled engineers and technicians necessary to run the test
must be minimized.

c. The test usually runs.24 hours/day, until it is complete.

d. Total cost of running the test must be minimized. This cost includes the

opportunity cost associated with occupancy time on the test airplane, man
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power, equipment and the costs associated with delays in feedback of test

results into the airplane development cycle.

2.2 DESCRIPTION OF GROUND VIBRATION TESTING

2.2.1. Definition of Experimental Modal Analysis

Experimental modal analysis is a test procedure for experimentally determining
the motion of a structure in response to forces that excite the structure. This
description includes a mathematical model for abstracting the behavior of the
structure and the values of the parameters in that model. The model chosen is ]

based upon assumptions about the structure's behavior. The values of the para-

meters are determined by a parameter estimation process applied to measurements
of the structure's ianput (excitation force) and output (motion or response)
signals. In this respect the structure is treated as a "black box" problem, in

which the behavior is inferred from the input-output measurements. The process

of experimental modal analysis generally consists of a measurement phase and an

interpretation (or analysis) phase.

2.2.1.1 Measurement

In the measurement phase of a ground vibration test excitation is applied to the

airplane and its response is measured. During most ground vibration tests a
controlled force input is applied to the airplane and acceleration, velocity or

displacement are measured at a number of points on the airplane.




2.2.1.2 Interpretation

Interpretation of the measurements is in terms of the mathematical model assumed

for the airplane.

Linear Mathematical Model

A linear mathematical model 1is usually assumed for the airplane whenever
possible. The unknown model parameters interpreted from the test measurements
are invariably the modal characteristics of this model; frequency, damping and
modeshape. Occasionally additional characteristics are reduced from the mea-
surements. These include generalized mass and point mass, stiffness and damping

coefficients.

Non-Linear Mathematical Model

When a Tinear model is not a sufficient approximation to the airplane's struc-
tural dynamic characteristics, a non-linear model must be used. This is done as
infrequently as possible, and the models are kept as simple as possible, because
this interpretation process is substantially more difficult than in the case of
the linear mathematical model. There is no generally applicable nonlinear mathe-
matical model. A model appropriate to the problem at hand must be selected for
each application. Considerable research remains to be done on the subject of

measurement interpretation for nonlinear mathematical models.




2.2.2 Goals

The identification of the goals of an experimental modal analysis test is an
essential part of the choice of best test procedure. At the present time there

are three primary uses of modal parameters:

1. Trouble Shooting
2. Modeling
3. Synthesis

Vibration testing is concerned with all three uses of the results at varying
points in the Tife of an airplane. As the use of modal parameters change the test

requirements are changed.

In the specific case of the airplane ground vibration test, verification and, if
necessary, modification of the mass and stiffness matrices, used in the flutter
analysis, is often the primary goal of the test. The construction of a mathe-
matical model for flutter analysis is occasionally the goal, wherein generalized
mass, stiffness, damping, and (via the modeshape) aerodynamic force matrices are
developed. Modal parameters is a convenient mathematical model which can be

applied to both the experimental test and the theoretical analysis.

2.2.3 Assumptions

Three basic assumptions about a structure are made in order to perform an experi-

mental modal analysis which includes a linear mathematical model. First, the

structure is assumed to be linear. This means that the response of the structure
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to a combination of forces, simultaneously applied, is the sum of the individual
responses to each of the forces acting alone (i.e., the superposition principle
holds). For a wide variety of structures this is a very good assumption. When a
structure is linear, its behavior can be characterized by a controlled-excita-
tion experiment in which the forces applied to the structure have a form conveni-
ent for measurement and parameter estimation, rather than being similar to the
forces that are actually applied to the structure in its normal environment. For
many important kinds of structures, however, the assumption of linearity is not
valid. In these cases the linear model that is identified often provides a

reasonable approximation of the structure's behavior.

The second basic assumption is that the structure is time-invariant. This means
that the parameters that are to be determined are constants. In general, a
system which is not time-invariant will have components whose mass, stiffness, or
damping depend on factors that are not measured or are not included in the model.
If the structure that we are testing is changing with time, then measurements
made at the end of the test period would determine a different set of modal

parameters than measurements made at the beginning of the test period.

The third basic assumption is that the structure is observable. This means that

the input-output measurements that we make contain enough information to gener-

: ate an adequate behavioral model of the structure. Structures and machines which
| have loose components, or more generally, which have degrees of freedom of motion
that are not measured are not completely observable. Consider describing the
motion of a partially-filled tank of liquid when complicated sloshing of the
fluid occurs. Sometimes we can make enough measurements so that our system is

observable under the form chosen for the mathematical model, and sometimes no

amount of measurements will suffice until we change the model.




2.3 STATE OF THE ART REVIEW

2.3.1 Survey

2.3.1.1 Literature Review

The literature reviewed was identified by both manual and automated search proce-
dures. Known articles of value, as well as literature referenced within these
articles, were identified first. This material dates back to approximately 1945.
Then, independent computer searches were conducted by the University of Cincin-

nati and The Boeing Company involving the following data sets:

1. NTIS

2. COMPENDEX

3. ISMEC

4, SAE ABSTRACTS

5. NASA

6. DDC
Classified
Unclassified

The results of the computer searches consisted of about 2,000 listings of title,
author, source, and abstract. This computer search process included material no
earlier than 1965, Candidate literature items were selected by review of the
contents of their abstracts. Finally, the manual and computer searches were
combined to eliminate duplication which resulted in approximately 400 pieces of

literature being identified. Ninety percent of this literature was acquired.




(See reference lists following this volume.) The most significant literature of
the reference material was selected and is summarized in Appendix D by subject
matter. A chart summarizing the content of the reviewed literature is shown in

Appendix E.

2.3.1.2 Industry Interviews

A series of interviews were held to ascertain the state of the art as practiced
in the airframe industry. The groups selected for interview were identified by
the Flight Dynamics Laboratory of the Air Force Wright Aeronautical Laboratories
as experienced in ground vibration testing. Additional individuals selected as

having expertise in vibration testing were also interviewed.

Most of the personal interviews were performed on the site of the organization
interviewed. The interviews were conducted by a combined team from the Univer-
sity of Cincinnati and The Boeing Company. Typically, two to three hours were
spent in the interview combined with a tour of test facilities and equipment. A
standard interview reporting form was used and frankness was encouraged by keep-

ing the details of the interview confidential.

2.3.2 Current State of the Art

2.3.2.1 Airframe Industry Practice

Aircraft industry practice varied widely. All large airframe companies have an

in-house ground vibration test group. Their experience levels vary dramati-

cally; some conduct several GVT's a year; others run one test per decade. The
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most difficult problem the airframe industry has in conducting vibration testing
is in finding, training, and retaining adequately skilled people. A summary of

the industry interviews can be found in Appendix C.
The survey disclosed four major reasons why airplane companies conduct GVT:
1. Comparison with a mathematical model developed for flutter analysis

2. Troubleshooting of existing aircraft

3. Research

4. Development of modal pas >meters to use in analysis

In most airplane GVT's, frequencies, dampings and mode shapes are the desired
test result. Where fast Fourier transform equipment is in use, frequency

response functions and coherence plots are produced as matter of course. The

more advanced developments, complex mode shapes, generalized mass, stiffness and
damping, transfer functions and orthogonality checks, are less frequently

required, although there are organizations where some of these are routine.

Shakers are used for excitation for most airplane ground vibration tests,
3 although occasionally impact and operating inputs are used. Impact testing has
been utilized for testing flight control surfaces. Autopilot inputs to a large
flight control surface have provided sufficient inertia excitation to shake out
critical wing modes on a very large airplane. Single shaker inputs are used to
excite both one degree of freedom at a time or multiple degrees of freedom. Of
the multiple shaker systems in common use, most are groups of shakers operated in
or out of phase to drive symmetric and antisymmetric airplane modes. They are

used less frequently in apportioned force approaches. With rare exceptions the

10




multiple shaker arrangements are used to excite one degree of freedom at a time.
Several organizations had research activities addressing the measurement of

multiple degrees of freedom using multiple exciters.

The excitation signal used in GVT systems which do not incorporate a fast Fourier
transform computer is invariably sinusoidal. The excitation signals generally
used with FFT systems are random, although others are used such as sinusoidal,

periodic random, random transient, impact, chirp, etc.

The data acquisition techniques used were found to be a function of the GVT
development work done. Where little development had been done, a roving acceler-
ometer was used with a strip chart recorder. In the developed systems, over 100
fixed response transducers were used with digitized data being recorded directly
on disk under computer control. The norm is a large number of accelerometers

with their response recorded directly on analog tape.

Parameter estimation under swept sine and dwell is a single degree of freedom
(i.e. a single mode) at a time process. The parameter estimation techniques
used with the modal analyzer computers usually used the software provided by the
manufacturer. User written parameter estimation algorithms are rarely used on
GVT outside research organizations. The algorithms used in GVT are single degree
of freedom, single degree of freedom with residuals, multiple degree of freedom,

and multiple degree of freedom with residuals.

A free-free support for the airplane in test is universally desired, although

there is some disagreement over the frequency separation necessary. Require-

ments specified varied from 10 to 1 to 2 to 1. At the 10 to 1 end of the spectrum




special aircraft support systems are necessary such as airsprings (XB-70 support
system), bungee or mechanical springs. At the 2 to 1 end of the spectrum a

bottomed 1andihg gear oleo and soft tires are satisfactory.

It was difficult to always obtain a frank discussion of chronic problem areas.
Many of the difficulties expressed seemed to be due to inadequate preparation or
lack of skill. As a result, problems were quite often attributed to nonlinear-
ities. The most pressing problem is that the test airplane is available for the
GVT for a very short period of time. One of the essential requirements of GVT
procedure in the United States is speed. A second problem is that the interface
between the test and analysis group is often poor. This is reflected not only in
test planning, but in the post-test feedback of data into the analysis group. A
third problem is that when introducing new technology, a large pool of acquired
knowledge concerning the old techniques is obsoleted, and is only slowly replaced

by the familiarity with the new techniques.

Nonlinearities are a chronic problem. Known nonlinearities, e.g., control sur-
face actuator free play, are routinely shimmed or preloaded out, and the airplane
is tested as linear. Often a separate test is run to document specific non-

linearities. Unknown nonlinearities often appear during a test. The source of a

strong nonlinearity must be determined and fixed before the test may proceed.

Although a pretest analysis is widely regarded as necessary, it usually consists ‘

of the free-free modes and frequencies of the airplane mathematical model used in

the flutter analysis. On rare occasions it is a forced response calculation pre-
dicting the test response of the airplane in GVT configuration, including special
modifications of the airplane for test and the airplane support system. The data

resulting from the test is used for three purposes:

12




————————

1. To validate the mathematical model
2. To revise a mathematical model

3. To construct a structural dynamic analysis

In some instances, little or no use was made of the data.

2.3.2.2 Ground Vibration Testing Methods

H To compare various methods applicable to experimental modal analysis, a categor- 1
ization will be used to identify major differences. This section of the report
will describe the general characteristics of each method. When discussing
criteria for method selection in Section 2.4.1, specific techniques and/or

references will be used to evaluate each method.

Ground vibration testing methods are divided into three groups for this evalua-
tion. The first grouping includes all methods pertinent to the forced response

analysis technique documented by Lewis and Wrisley. This general testing proce-

dure will be described as a Multiple Point Excitation--Sine Dwell (MPE-SD)
approach. The second category that has found widespread application cannot be
attributed to any one person or group. It involves measuring frequency response
functions and determining modal parameters through comparison to a linear mathe-
matical model. This general testing procedure will be described as a Single
Point Excitation--Frequency Response Analysis (SPE-FRA) approach. The final
category can best be described as all of the techniques not fitting in the first
two general concepts. The reasoning behind this last grouping is that many of

these techniques, while showing great promise, do not have adequate

13




documentation of pertinent details to receive serious consideration as a viable
approach at this time. This is not to say that theoretical development is
questioned but that little general knowledge of the practical application and
results is available at this time. For this reason, most of the discussion under
Criteria for Method Selection is limited to the two categories: MPE-SD and

SPE-FRA.

Multiple Point Excitation--Sine Dwell Method

Modern MPE-SD techniques are based upon a forced response analysis approach first
implemented by Lewis and Wrisley (112) and theoretically developed by Fraejis de
Veubeke (45). The basic approach is to apply forces to a structure to compensate
for energy loss through damping. If the forces are distributed in proportion to
the damping and exactly balance the damping forces, the structure vibrates with

the same motion as in the free undamped case.

The primary consideration of any MPE-SD approach is force appropriation. This
involves three distinct problems. First, the number of exciters must be suffi-
cient to address the effective number of degrees of freedom. Secondly, the
number of exciters should be optimally located to excite a given mode. Finally,
the vector forcing function must be determined. Although all three problems are
difficult, the first and last can be automated with some success using various
methods. The optimum location of the exciters can be evaluated by way of finite
element pre-test analysis although no straight forward closed loop approach has

been identified.

The use of digital computers has been of great value in the MPE-SD approach.

Many of the force appropriation processes have been automated by the use of a
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computer controlled system. Data acquisition, storage, and display is more
easily handled in a computer based system. Unfortunately, there is no uniform
system available commercially that has found widespread use for the MPE-SD tech-
nigues. Much of the existing hardware in use has been custom built and ranges up

to 15 years in age.

Most MPE-SD techniques involve many similar considerations. A1l have elaborate
excitation control systems (often up to 16 shakers). Al1 depend upon the concept
of a phase resonance criteria for identifying the mode. Often Lissajous patterns
are used to confirm this. Free decay is normally used to calculate damping
factors and to verify the purity of the mode excited. Finally, the diagonaliza-
tion of the reduced finite element mass matrix is used to verify the orthogon-

ality of the measured modes.

Single Point Excitation--Frequency Response Analysis Method

Present day SPE-FRA techniques are based upon system identification procedures

related to a causal black-box concept of structural dynamics. Frequency response

functions are analyzed with modal parameter estimation algorithms to determine
estimates of modal parameters. Such a process was utilized nearly 20 years ago
with equipment known as Transfer Function Analyzers. This process was strictly a
swept sinusoidal excitation with tracking filters to determine the output versus
input. With the advent of fast Fourier analysis equipment nearly 10 years ago,
other forms of excitation, notably broadband frequency signals, allowed compliete
frequency response functions to be measured in reduced time. The basic approach
presently is to excite a structure with an appropriately chosen force signal at

one location at a time. The frequency response function between the input force
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and output response points of interest are measured and stored. Averaging of a

number of inputs and responses is common practice in the development of the
frequency response function. Modal parameters are estimated using any of a
number of single degree of freedom (SDOF) or multiple degree of freedom (MDOF)
algorithms. Often the modal parameter estimation routines take advantage of

redundancy in a data set to improve the accuracy of the algorithm.

The primary consideration of any SPE-FRA approach is to obtain the best possible
measurement data in the form of a frequency response function. This involves
identification of measurement errors, proper location(s) of the single excita-
tion to assure that no modes are missed, and determination of sufficient fre-
quency resolution to identify closely-spaced modes. The use of the coherence

function is vital in evaluation of measurement error and averaging requirements.

A secondary consideration of any SPE-FRA approach is to utilize proper modal
parameter estimation algorithms. SDOF algorithms are often unacceptable if the
modes are closely spaced in frequency. MDOF algorithms often use we:jhting
schemes which provide varying results with the amount of damping present. The
current trend is toward a flexible system with a number of SDOF and MDOF algori-

thms available.

Most SPE-FRA systems are very similar. The hardware is produced by a limited
number of manufacturers and is made up of nearly identical components. Certainly
the basic measurement capabilities are equal. Software to analyze the data is
often available from the manufacturers but no new software systems have been
available from this source for three to four years. Often, the individual users

program particular algorithms for use on typical structures of a given industry
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and much of this software is available from consulting firms, universities, and
others. Since all systems are computer based, matrix operations such as ortho-
gonality checks or modal vector manipulations are usually trivial computations

to implement.

Other Methods

Two or three approaches are under development which show some degree of promise
but for which there is little comprehensive documentation at present. A tech-
nique involving broadband multiple point excitation with frequency response
analysis is under investigation at the University of Cincinnati. This concept
would be very similar to a SPE-FRA approach but without the problems of energy
distribution or multiple configurations to assure no modes are missed. A tech-
nique based upon free decay and global eigenvalue/eigenvector concepts is under
investigation by Ibrahim {87, 88, 89). This system eliminates exciter problems
and completely automates the data reduction - 'cess. Another new technique under
evaluation by Link and Vollan (113) involves direct estimation of reduced mass,
stiffness, and damping matrices. This obviously would be of great value in the

interaction with finite element models.

For some further details in these areas, the background literature can provide
additional information., Little further discussion will be made regarding these
methods due to the lack of proven capability. It is of some interest to note,
though, that the hardware and general development of the SPE-FRA approach could
easily encompass many aspects of these other techniques should any one of them

prove to be superior in the future.
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2.3.2.3 Specific Techniques Used in Ground Vibration Testing

The state of the art of each of the principal facets of experimental model
analysis is described in this section. The various methods of experimental modal
analysis use different combinations of these components. These modal analysis

methods are discussed in Section 3.1.2.

Excitation Configuration

Excitation configuration refers to the number of simultaneous forces used to
excite the structure. Typically, the designation Single Input (SI) or multiple
input (MI) is a sufficient description of the situations used for the Multipoint
Excitation Sine Dwell (MPE-SD) or Single Point Excitation Frequency Response
Analysis (SPE-FRA) techniques. With respect to the two general cases (SI and
MI), SI is simple in terms of set-up time and cost of equipment. The inability to
distribute energy throughout the structure can cause problems because not all
modes can be excited from one point. Because of this, for most airplanes the SI

test must be repeated with the excitation at several different locations.

Narrowband (sinusoidal) and broadband frequency excitation with SI can effi-
ciently utilize the fast Fourier transform to develop freguency response

information.
MI requires duplication of exciter systems which increases both the set-up time

and costs. Additionally, the only practical technique using MI is a sinusoidal,

forced response analysis approach. This requires additional control equipment
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to achieve force appropriation for a particular eigenvector. If this tuning
process is automated (Asher (6, 7) Feix (57), Hallauer (70), Morosow (126, 127),
Su (199}, Traill-Nash (206)), more sophisticated control equipment is required.
No current technigues use broadband frequency excitation with MI. Problems with
estimating the number of exciters to use (based upon effective degrees of free-
dom) and with determining exciter location are difficult. The analysis of

eigenvalue and eigenvector is very simple when tuning is successful.

Response Measurement Configuration

Response measurement configuration refers to the transducers used to record the
structural mation. The designations of roving set or fixed set describe the
configurations commonly used. For the case of a roving set of transducers,
equipment is kept to a minimum but time can be a problem if multiple sets of data
must be taken. Therefore, this approach is generally unattractive with the MI
technique or with SI techniques when multiple configurations of the test struc-
ture are required. Calibration and set-up are minimized with a roving set of
transducers and the quality of data should be equal to the fixed set of trans-
ducers at frequencies below 500 Hertz. As higher frequencies are required, the
roving set of transducers must be rigidly attached to the structure. This is

normally too time consuming to use.

More equipment is generally required using fixed transducers than roving. Addi-

tional time is spent in pre-test calibration and set-up. However, the total

occupancy time on the test airplane can be reduced by using more channels of data
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acquisition. The amount depends upon the number of points and test configura-
tions. In the case of impact testing, one fixed transducer may be used while the
location of the impact excitation is moved. Both multipoint excitation and
single point excitation concept can utilize either a roving or fixed set of

transducers.
Excitation Signal Format

Excitation signal format refers to the frequency content of the force input(s).
The designation of sinusoidal is used to describe signals of only one frequency,
while broadband encompasses fast sinusoidal sweeps, transients, and all forms of
random signals. Sinusoidal signals have the advantage of minimum information
and, thus, an easily recognizable form. This permits time domain analysis in
terms of magnitude and phase and is psychologically reassuring during the test
phase. Both MPE-SD and SPE-FRA can use sinusoidal excitation although implemen-
tation is somewhat different. Normally, with sinusoidal excitation, the input-
output relationship is calculated one frequency at a time and modal interaction,
particularly in the MPD-SD, is desired to be minimal. This is sometimes not

possible to achieve.

Broadband excitation has the advantage of increased frequency content and,
therefore, maximum information. The analysis of such data requires digital
signal processing techniques such as fast Fourier transforms, digital filtering,

and averaging to obtain frequency response information. Thorough understanding

of the mathematics and peculiar physical phenomena (aliasing, leakage, etc.) of

digital signal processing are required. Modal interaction is not suppressed by

the excitation.
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Confidence Factors

There are several confidence factors applicable to measurement./ The first is
repeatability. This involves duplicate measurements using the same procedures
or measurements taken via different procedures. A second measure is to compute
the coherence function. Holes in the coherence function immediately flag defi-
ciencies in the measurement, local modes, or extraneous inputs to the system
such as noise or non-linearities. The third measure is decay trace frequency and
amplitude stability and logarithmic amplitude linearity. Oeviations will indi-
cate inadequate tuning, poor signal-to-noise ratios, nonlinearity and other

problems,

Data Acquisition

The measurement process may involve testing many configuration variations. In a
sinusoidal technique, data acquisition requirements dictate single word storage
for the input and output measurements at each identified frequency. In wideband
techniques, much more computer memory is required since many frequencies are
processed simultaneously. Both situations can achieve an improvement in accu-

racy through averaging.

Filtering equipment is normally involved in most techniques whether for purposes
of elimination of aliasing, narrow-band tracking, or reduction of noise. Care
must be taken in applying filtering techniques to avoid any compromise or degra-
dation of the data due to the unique problems associated with filters, e.g.,

rolloff, truncation.
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Transducer sensitivity and amplifier characteristics need to match the other

test equipment so that maximum accuracy can be maintained.

Sufficient time must be spent during the measurement phase to ascertain both the
validity and quality of the data. This involves averaging where necessary as
well as the use of coherence function. Even small errors or compensations made
during this phase increase the potential difficulty in estimating the modal

parameters.
Interpretation of Measurement

The current techniques of modal parameter estimation may be categorized as modal
parameter estimation via direct measurement and modal parameter estimation via
frequency response analysis. In the direct measurement technique the test appa-
ratus is adjusted so that, in the judgement of the operator, the test item is
vibrating in a normal mode. The frequency of vibration is recorded as the
natural frequency and the displacement amplitudes are recorded as modeshapes. In
the frequency response analysis technique, frequency response functions are
developed from the measurement. A frequency response function can be developed
by a slow sine sweep at constant input force amplitude, in which case the
frequency response function is the displacement as a function of frequency. More
commonly the frequency response function is developed by Fourier transforming
time histories of the input force and the resulting displacement. Note that a
frequency response function refers to the response of the structure at one point
to excitation at another, and that a set of frequency response functions is

necessary to describe the dynamic characteristics of the entire test item.
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In addition to modal parameter estimation by direct measurement and by frequency
response function analysis, there are several hybrid techniques that combine

features of both approaches.
Characteristics of Modal Parameter Estimation
Single Degree of Freedom - Modal parameter estimation techniques which involve

only one eigenvalue and eigenvector at a time are classed as single degree of

freedom (SDOF) techniques. The oldest method is attributed to Kennedy and Pancu

(96) and is often referred to as the "circle-fit" method. Using the amplitude

and phase at the damped natural frequency or the quadrature part of the frequency

response at the damped natural frequency are common techniques (Broadbent (23), j

D . Brown, (222), Klosterman(99)). More sophistication is gained by using a single |

' partial fraction expansion, in the area of the damped natural frequency, based

upon the Laplace domain formulation for a SDOF with damping (Stahle (194, 195},
Richardson (169, 170), Sloane (187)).

SOOF techniques are simple to implement and analysis time is kept to a minimum,

The amplitude and quadrature techniques are essentially those used in MPE-SD

L techniques. Little operator skill or interaction is required, however, closely
spaced eigenvectors and coupled eigenvectors can be very difficult to separate

with SDOF techniques.

Multiple Degree of Freedom - Multiple degree of freedom (MDOF) techniques are
more complicated in terms of time operator skill, and operator interaction. Such

techniques are usually based upon non-linear solution procedures of a partial
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fraction expansion of the Laplace domain formulation of the mathematical model.
Often matrix procedures are used to take advantage of special forms of the data.
These processes can be very slow since one frequency response function is
analyzed at a time. In addition, the current techniques do not take advantage of
redundant information (global eigenvalues or eigenvectors). This is the subject
of much current research and considerable improvement may be anticipated in the

future.

The operator skill is imperative in current MDOF techniques. The evaluation of
"goodness of fit" is not always obvious nor is the specific choice of the number
of degrees of freedom. These two considerations alone can mean the difference
between satisfactory and meaningless results. Additionally, the time required
by the operator to manually manipulate these factors causes the total time for
analysis to increase. Therefore, those MDOF techniques which can give better

results through automatic procedures are very attractive.

Complex Eigenvectors - Complex eigenvectors is the general characteristic found
in real structures, with real eigenvectors being a special case which occurs with
proportional damping. The MPE-SD techniques do not permit the formulation of
complex eigenvectors and, thus, the results are always real eigenvectors. The
SPE-FRA techniques allow complex or real eigenvectors depending upon the mathe-
matical model chosen. Currently, the mathematical model methods commonly used to
approximate the test configuration, due to time constraint, cost and experience,

are real eigenvector solutions. In the aerospace industry, the structures are
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often satisfactorily evaluated based upon real eigenvectors alone. When prob-
lems are encountered in force appropriation with MPE-SD techniques, the compli-
cation is attributed to poor exciter locations, insufficient number of exciters,
or inadequate iteration in the tuning. The existence of complex eigenvectors may

often be an additional significant source of difficulty.

Residuals - Both SDOF and MDOF techniques may or may not involve the use of
residuals. Residuals are variables which are used to approximate the effects of
eigenvectors below and above the frequency range of the modal parameter estima-
tion technique, The constant associated with the lower eigenvectors is often
referred to as inertia restraint and the constant associated with the higher
eigenvalues is called residual flexibility. Some techniques do not allow the use
of residuals (for example quadrature) but most of the sophisticated SDOF and MDOF
techniques permit them. Residuals are necessary in the separation of modal

interaction to accurately credit the proper influence to each mode.

Global Eigenvalue - Global eiganvalue refers to the concept that the eigenvalues
are constants with respect to the test structure. If this contraint is imposed
in the MDOF estimation techniques, the solution process can now be linearized.
This has the benefit of reduced operator interaction, simplification of
analysis, and overall improvement of eigenvalue estimate. Obviously, a side
benefit is a great reduction in analysis time (Brown (222), Ibrahim (87, 88)).
Some difficulty can be encountered if measurement errors or non-linearities are

present, since the eigenvalues will then appear to change between measurements.
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Global Eigenvector - Global eigenvector refers to the concept that the major
structural modes of vibration should be observed to be unchanged regardless of
where the test excitation is applied to the structure. Therefore, if multiple
applications of a single point excitation can be separately analyzed and combined
or collectively analyzed, the result should be a single eigenvector for each i
eigenvalue. Manipulation of estimates of eigenvectors from different test
points can give improved definition of a global eigenvector as well as statisti-
cal input as to the variance in the measurements. Work relating to this concept

has been formulated by Ibrahim (87, 88) and Richardson (172).

Local Eigenvectors - In addition to global eigenvectors, the ability to allow
local eigenvalues and eigenvectors is very important. Measurements in a certain
area of the test structure may contain modal parameters which are not found over
the rest of the structure. If the modal parameter estimation techniques cannot
permit additional degrees of freedom when this situation exists, the estimated

values for the global eigenvectors will be very poor.

The capability to handle local modal parameters as well as global modal parame-

ters requires increased refinement in the software. This will permit more

automation and less operator interaction. Current applications of such tech-
niques have been very time consuming because they are based upon non-linear
solution methods. The application of linearizing techniques to the solution as

well as increased automation may provide a great reduction in analysis time.

Confidence Factors - The confidence factors for use in modal parameter estima-

tion are less well developed than those for use in measurement. They detect poor

quality but do not ensure high quality.
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A first check is to compute the generalized mass matrix from the estimated mode
shape and a "given" point mass model of the test item. A general rule of thumb
requires the off diagonal terms be no more than 10 percent of the diagonal for an
acceptable mode. A second check is to compare modal parameters predicted in a
pretest analysis to those estimated from test. Since error metrics have not been
developed for use in this area, the basis for comparison is intuitive. A third
commonly used check is to predict the system response using the estimated
parameters. This is done most effectively in the time domain by predicting the
system response to a known arbitrary forcing function and comparing the measured
response to this forcing function. One may also predict frequency domain

response, although this is less useful.
2.4 SELECTION OF RECOMMENDED GVT METHOD
2.4.1 Criteria For Method Selection

This section contains the key points in the evaluation process. The criteria for
evaluation were developed from the contract Statement of Work, industry inter-
views, and perscnal experience. The weighting of the criteria is based upon
identifying the optimum GVT technique within the restriction of well-documented,
state of the art practice. Those criteria which rate purely mechanical consider-
ations and apply to most or all techniques equally have been given very little
weight. The evaluation of the general methods with respect to the criteria is
based upon a review involving literature, industry interviews, and personal

experience. This evaluation did not seriously consider many pieces of literature

which lacked a sufficient documentation of detail, a sufficient demonstration of

proficiency, and/or an adequate evaluation of real world examples.
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2.4.1.1 Primary Considerations

The following criteria are basic concerns in the evaluation of any GVT approach.

The subtopics are in order of decreasing importance in method selection.
Quality of Results

The MPE-SO approach and the SPE-FRA approach appear to be nearly equal in the
ability to obtain modal parameters for a given structure. Of the cther tech-
niques, insufficient documentation is presently available, although the Link and
Vollan (113} and Ibrahim (88) approaches show future potential. For aircraft
structures, the MPE-SD approach may be slightly superior but the continuing
availability of improved modal parameter estimation algorithms for the SPE-FRA ;

method indicates that any small advantage is temporary.
Time Constraint
The amount of time needed to complete a GVT is in direct conflict with the need

for quality of modal parameter estimates. Any reduction in available test time

due to impending flight schedules or previous delays contributes directly to the

degradation of the final result. None the less, the high cost of hardware, test

! fixturing, and personnel dictates that total test time be kept to a minimum.

The MPE-SD approach appears to give superior results for a reduced number of
modes if the time constraint is severe. Since each mode is tuned independently,

not all modes will be documented and potentially important modes will be missed.




This s a direct result of the variability of the amount of time needed to tune a
given mode. The requirement of individual tuning of modes does not permit any
separation of tasks (which would permit some of the analysis to be performed at a

later time).

When the time constraint is severe, the SPE-FRA approach will yield some data on
all or nearly all modes of interest. Also, based upon an exact time constraint,
-3 reliabie estimate of the maximum amount of data to be acquired can be made.
This assures, assuming confidence factors are utilized, that some information
about all modes can be obtained. This abitity to.spend the tota) test time
window in the measurement process, if needed, while deferring the time consuming
analysis phase represents a unique and powerful attribute of the SPE-FRA

approach.

When time constraints are completely removed, both approaches yield simitar
results, There is a tendency for the MPE-SD technique to obtain fewer modes even
though the global modes are found. An example of this can be seen in a recent

paper by Hanks, et all., (75).
Opérator Expertise

Both the MPE-SD and SPE-FRA approaches, with respect to the present state of the
art, require a very high level of operator expertise. Through industry inter-
views and literature discussions, it is obvious that this requirement is often
overlooked. The aircraft design that requires experienced finite element engi-

neers for the analytical solution often is left to completely inexperienced
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technicians and engineers for the experimental solution. This is a management

problem that needs to be corrected.

The MPE-SD approach is at a slight disadvantage since the operator expertise is
involved in tuning each mode. The primary involvement of operator expertise in
the SPE-FRA approach is in the modal parameter estimation phase. In both
approaches a knowledgeable test engineer is required to continuously evaluate

the measurement process.

A very popular misconception of the SPE-FRA approach relates to the concept of
operator expertise. An expert operator who is estimating moda) parameters using
various SDOF and MDOF algorithms cannot compensate for poor data (noise, alias-

ing, leakage, distortion, frequency resolution, etc.). These software routines

cannot efficiently extract reasonable modal parameter estimates if the data was
taken carelessly. This accounts for far more of the failures of the SPE-FRA

approach than is generally recognized.

Within the limitations summarized, both the MPE-SD and the SPE-FRA approaches

involve a similar degree of operator expertise and experience. Again, with
| future developments, the availability of better, faster, and more automatic
modal parameter estimation algorithms will give the SPE-FRA approach an

advantage.
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Closely Spaced Modes

Closely spaced modes create equal problems in all techniques. The MPE-SD
approach requires more tuning in force appropriation. The SPE-fRA approach
requires more interaction in the modal parameter estimation process. These
factors in terms of difficulty are judged to be essentially equal. The more
significant result of closely spaced modes is an increase in time to achieve

equivalent estimates of modal parameters.

Increased Accuracy

Since both the MPE-SD and SPE-FRA approaches currently result in similar quality
of results, the question of increased accuracy is dependent upon identification
and solution of the problem areas within each technique. To improve the MPE-SD
technique, the number of forces, the force location, and the force appropriation
must each be automated. Limited success has been achieved in determining the
number of forces and the force appropriation with automated procedures. No
documented effort has been made to determine optimum force location. An unfortu-
nate problem with the development of the MPE-SD approach is that only those
individuals interested in improving GVT techniques are contributing to the
improved procedures; there is no cross-furtilization of MPE-SD improvements from
other areas of technology. To improve the SPE-FRA technique, measurement tech-
nique and modal parameter estimation algorithms must be improved. Great success
in both areas has taken place over the last ten years and is continuing. The
distinct advantage in the development of the SPE-FRA approach is that these areas
are of great interest to researchers in other areas such as controls and

electronics. A reasonable amount of technology transfer can be expected.
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Many of the theoretical studies performed to analyze the accuracy of either
method have proven to be less useful than anticipated. Most examples Frave
utilized an MDOF model with random noise to use in a comparative study. In the
real test environment, the noise due to extraneous inputs and measurement error
is rarely white random and almost always biased. Studies based upon white random
noise are not necessarily appropriate measures of the ability to accurately

estimate modal parameters.

Complex Modal Coefficients

The question of real versus complex modes must be considered in terms of the
quality of the experimental modal analysis approach. The MPE-SD approach does
not lend itself to the concept of complex modes. All other approaches, including

SPE-FRA, can utilize real and complex mode concepts.

There is no doubt that much GVT work can be satisfactorily accomplished without
the complex mode concept. The real world though does have complex modes and in
order to accurately describe the phenomena measured, this capability is required
both analytically and experimentally. Some flexibility in the definition of
phase resonance and in the definition of orthogonality of modes is often taken
with the MPE-SD approach. This flexibility may be necessary to compensate for
the inability of the MPE-SD approach to deal with slightly complex modes. The
MPE-SD approach does not contain the flexibility to document this realistic_

possibility.
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Complicating Factors

Most complicating factors in the GVT process are related to some nonlinear
characteristic in the test item. Neither MPE-SD nor SPE-FRA approaches are
ideally designed to address this kind of difficulty. Both approaches can handle
such a compiicating factor as a nonlinearity with equal effort and success. If
the mathematical form of the nonlinearity is known a priori, the SPE~FRA would

have a distinct advantage.

Confidence Factors

Recognition of good or poor estimates of modal parameters during the test window
is vital to the resulting quality of the GVT. The two basic approaches each
contain methods for on-line determination of confidence prior to completion of
the total test protocol. Using the MPE-SD approach, the ability to approach the
phase resonance criterion at all shakers for a given mode can be very useful,
Unfortunately, if too few inputs are utilized this result may be misleading. The
decay of the mode of vibration when the inputs are removed is another potential

measure of the purity of the single mode excited by the MPE-SD approach. This is

very useful in concept, but when a small amount of distortion is present, the
question of 'how much is too much' is not always easy to answer. Additionally,
the MPE-SD approach can involve mode orthogonalization as a measure of confidence

after each mode has been tuned.

‘ The SPE-FRA approaches have useful confidence factors as well., The coherence

function calculation associated with each frequency response function gives a
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good indication of the amounts of noise, sensitivity problems, and measurement
error such as leakage. Unfortunately, since this function is a frequency
dependent quantity between zero and one, the question of 'how bad is too bad'
must be answered. Additionally, any lack of experience and knowledge in using
the coherence function in this manner provides some difficulty. The ability to
estimate modal perameters quickly using SDOF techniques allows partial mode
shapes to be processed during the test to check consistency of data or problems
with closely spaced or coupled modes. The use of many separate input locations
and increased frequency resolution during an initialization stage also results
in on-line alteration of test protocol to assure that no modal information is
missed. Other techniques, such as mode orthogonalization, can be involved in the
on-line confidence factor process but realistically lend themselves to post-

processing confidence considerations.

In summary, both the MPE-SD and the SPE-FRA approaches have adequate confidence
factors available. The confidence factors available presently are of approxi-
mately equal merit but the SPE-FRA approaches require proper background educa-

tion. The ability to involve averaging in the measurement and analysis phases of

g the SPE-FRA approach allow for application of statistics in the confidence
|

building process. !
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2.4.1.2 Secondary Considerations

Some of the criteria involved in method selection need to be considered but are
not primary considerations. Four subtopics have been identified within this
weighting category. The first two subtopics are important but should be sacri-

ficed to maintain the integrity of the primary considerations. The final two

subtopics are also important but apply somewhat equally to the MPE-SD and SPE-FRA
approaches. Once again each succeeding subtopic is in order of decreasing

importance in method selection.

Cost Reduction

The total cost of a GVT is an important concern. With both the MPE-SD and the
SPE-FRA approaches, the test hardware represents a trivial cost compared to the
total test cost. It is remarkable, though, that despite this fact, there is some
reluctance to provide more hardware to facilitate parallel processing and com-
puter controlled data handling. The significant cost is normally the involvement
of the test airplane, fixturing, and personnel during the total test time window.

The ability to process more data faster significantly reduces total test cost for

very little expenditure. Therefore, the time constraint directly determines the
cost factor. Both the MPE-SD and the SPE-FRA approaches can be optimized in

terms of parallel data processing and handling in similar ways.

One significant advantage of the SPE-FRA approach with respect to cost reduction
is the ability to defer some or all of the analysis to a later time. In this way

the test configuration need only be maintained during the measurement phase.
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Only the equipment and personnel involved in the estimation of modal parameters

need to be budgeted for the total time period.

Personnel Reduction

At the present state of the art, neither the MPE-SD approach nor the SPE-FRA
approach can account for significant personnel reduction. Both testing concepts
can be run with minimum personnel involvement if time is not critical. Likewise,
both testing concepts benefit during test set-up and data measurement by parallel
tasking of technician level support. Since exciter and transducer set-up is
labor intensive, the SPE-FRA approach maintains a small advantage due to a

reduction in the number of exciters utilized.

Application to Sub-Assemblies

Any experimental modal analysis technique used for GVT purposes is capable of
testing subassemblies of the complete aircraft structure. Typical examples of
such components would be the landing gear, nacelle mounted engines, control
surfaces, stores or a scaled flutter model. The MPE-SD and SPE-FRA approaches
can both be used for such purposes. Since the SPE-FRA only requires a single
excitation and can be used with techniques such as impact testing, the flexibil-
ity of this technique is a distinct advantage when cost, time, personnel and/or

test fixturing problems would mitigate against the use of the MPE-SD approach.

36

r ,




Post-Test Analysis

The ability of a GVT method to provide input to computational schemes for compar-
ing and checking experimental results with analytical prediction is another.
valuable criterion. The calzulation of generalized mass or the use of a reduced
finite element mass matrix to check mode orthogonality are common examples of
this need. Since the MPE-SD and the SPE-FRA approaches both normally involve a
direct interface to at least a mini-computer, such calculations can be attempted
with either approach quite easily. The frequency response functions utilized in
the SPE-FRA approach result in a larger available data base. The concepts of
modal synthesis, time domain simulation, frequency response and loads prediction
are all currently under development and may require a large data base to obtain
accurate results. As these methods are developed to the point of routine appli-
cation, the SPE-FRA approach appears to be more capable of providing the data

base that will be required.

2.4.1.3 Minor Considerations

The remaining criteria to be considered are of equal merit in both techniques and

cannot be heavily weighted for purposes of the selection of an optimum GVT

method.

Input/Output Format

The ability to present modal data in a variety of formats is extremely useful.

The data may need to be on punched cards or magnetic tape for further analysis.

Modal shapes should be animated for visual perception as well as CRT and hard
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copy plots with appropriate annotation for report purposes. There is no differ-
ence in capability of such presentation of the modal data in any of the experi-

mental modal analysis techniques.

Hardware Portability

Both the MPE-SD approach and the SPE-FRA approach are portable enough to provide
GVT capability. Any such system required can be placed in a large trailer and
moved to a remote site if necessary.

Safety

k { The safety of personnel involved with the test as well as the test airplane is of
vital concern always. No significant difference exists in the application of any

method discussed.

2.4.1.4 Summary

r The comparison of the MPE-SD and SPE-FRA methods is summarized in Figure 1. 1

Based on this evaluation, the SPE-FRA method is recommended as the better method.

The elements of the method are discussed in detail in Section 3.0.
The SPE-FRA method is selected as the method for further development when con-
sidering both the primary and secondary weighted criteria. Consideration of

minor criteria shows neither method at advdntage. Although the MPE-SD and the

SPE-FRA approach appear to be nearly equal in ability to obtain modal parameters
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Criteria

MPE-SD

SPE-FRA

Primary

Quality of results
Complex modal coefficients
Closely spaced modes
Complicating factors
Confidence factors
Increased accuracy

Time constraint

Operator expertise

ey

+

+ ++ L+

+

Secondary
Cost reduction

Personnel reduction
Subassemblies
Post-test analysis

+ + + +

+

Minor
1/0 format

Portability
Safety

-Summary

I++++

+
+
+
+
-+

Figure 1. Method Selection Summary
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of a structure, the continuing availability of improved modal parameter esti-
mation algorithms for the SPE-FRA method is a decided advantage. The considera-
tion of complex modal coefficients, closely spaced modes, complicating factors,
confidence factors and increased accuracy lead to a decision in favor of SPE-FRA.
The other primary criteria, the time constraint and operator expertise both favor
SPE-FRA. Consideration of secondary criteria, cost reduction, personnel reduc-
tion, treatment of sub-assemblies and post test analysis also support a decision

in favor of the SPE-FRA method.

2.4.2 Analytical Studies of the Modal Estimation Process

Part of the work for the method selection process was to conduct simple computer
evaluations of the potential methods. In the evaluation of the literature, there
were a number of computer studies of both the multi-point excitation and the
single point excitation methods: Craig and Su (34), Feix (57), Asher (6), Berman
and Flannelly (14), Sloane and McKeever (187) and Gold and Hallauer (223).
Instead of duplicating these studies in a similar fashion, the literature was

reviewed.

The computer simulations conducted were limited to evaluation of the parameter
estimation schemes that will be used during the contract. Studies were made upon
the sources of errors in making frequency response measurements and the sources
of errors in the evaluation of curve fitting algorithms which are used for the
parameter estimation phase of the GVT (see Section 3.1). It should be noted that
one of the problems noted in the literature and in our own computer studies is

that an ideal system is normally simulated and then its characteristics are
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computed using the algorithm to be evaluated. Most of the algorithms that are
evaluated in this fashion work well since in most cases noise added to the
process to simulate the noise involved in the measurement processes is Gaussian
distributed. Most of the curve fitting process work well on this type of data.
Unfortunately, the type of noise that is common to an actual measurement process
has large bias errors due to nonlinearities or other excitation sources which may
exist in the testing environment. As a result, these techniques which often

appear to work well in the computer studies do not work well in practice.

In the literature there were a number of studies where the multiple point method
was evaluated against single point random or some other method. It was clearly
evident from these studies that in most cases the testing group waé expert with
one technique but lacked experience with the other techniques. As a result, the
evaluation was clearly biased towards the method they were expert in. Another
problem was that a piece of hardware was tested whose exact characteristics were
unknown, The test structure was normally complicated. There were questions
concerning the validity of the existing finite element model. As a result, it

was difficult to determine just how well each technique performed.
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3.0 RESULTS
3.1 RECOMMENDED GROUND VIBRATION TESTING METHOD

The method which is recommended for ground vibration testing of aircraft is the
single point excitation/frequency response analysis method. The reasons for the

selection of this method are given in the previous section.

In this section the method that has been selected will be described in detail.
The implementation of the method is described in Appendix A, "Guide for Ground
Vibration Testing of Airplanes". Note that one of the main reasons for choosing
this technique is because it will be expanded by future research to include much
better parameter estimation schemes. When these are developed they will replace

some of the techniques which will be described in this section.

In this section the excitation procedures, measurement procedures and data
analysis method will be described. Also, measurement equipment and data analysis

equipment will be discussed.
3.1.1 Measurement Phase

In using this method it is necessary to measure the frequency response beiween q
number of exciter positions (force input points) and a number of outpﬁt points
(displacements). The frequency response measurements can then be used to esti-
mate the modal parameters of the aircraft and/or aircraft system. Different

exciter locations are used to estimate different sets of modal parameters. The

PRECEDING PAGE BLANK-NOT ¥ILMED
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number of exciter positions deperfds upon the nature of the GVT and the complexity
and modal density of the aircraft system. The frequency response measurements
can be made several different ways. The preferred technique is determined by a

number of factors:

1. The type of measuring equipment and the number of simultaneous input

channels,
2. The characteristics of the structure (linear or nonlinear),
3. The testing environment,
4., The test time window, and

5. The purpose and type of GVT (total aircraft, control surface, etc.).

The type of equipment used, analog or digital, is important. It is recommended
that a digital system be employed because it has the greatest flexibility in the
measurement phase and can also be used to reduce the data. The analog method is
very slow since it is limited to swept sine testing unless a large number of

multiple channels of data are processed simultaneously.

3 With the digital equipment, periodic, random, transient and operating inputs can
be used to measure the frequency response. Also, the digital system can be
updated periodically by simply updating the measurement and data analysis soft-

ware. As mer:'oned in the previous section, there is a great amount of research
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being conducted by a number of researchers in the area of structural system
identification and these improved techniques can be incorporated into a digital

system.

If the system is linear then any excitation technique can be used to measure the
frequency response of the aircraft. However, for nonlinear structures it is
important to use a measurement technique which will generate a frequency response
measurement which is compatible with the selected parameter estimation scheme.
In the following sections, the frequency response measurement and parameter

estimation schemes will be described in detail.

3.1.1.1 Excitation Techniques

The excitation techniques can be classified into four general categories;

periodic, random, transient and operating.

A periodic signal is one which repeats itself with a given time interval or
varies in a manner which is slow enough that in terms of signal processing it can
be considered periodic. Examples of this type of input are swept sine, pseudo

random and periodic chirps.

A random input signal is a non-deterministic signal which can be characterized by
a probability density function and a power spectral density function. This kind
of input can be pure random or periodic random, where periodic random is a cross

between pure random and pseudo-random.
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A transient signal is one where the excitation force changes drastically as a
function of time but changes in a deterministic fashion. In most cases the input
force decays to a steady state value after a short period of time. Examples of

transient inputs are impulses, unit steps and chirps (fast sine sweeps).

The operating input corresponds to input forces generated by the actual device

being tested.

Periodic Signals

Swept Sine Testing - Since swept sine testing has been in use since the early
1960's it is the most popular and best understood of the excitation methods. The
procedure used is a simple one. A sweep oscillator is used both as an input to an
electro-mechanical or hydraulic exciter and as the tuning signal to a narrow band
tracking filter. The frequency sweep rate is sufficiently low that the excita-
tion and response are very nearly sinusoidal. The force input to the system is
measured with a load cel!l and the response of the system is measured with a
suitable transducer such as an accelerometer or velocity pickup. The signals
from the transducers are passed through the tracking filters to log converters
where signals proportional to the logarithm of the force and response are

produced.

The logarithm of the force signal is subtracted from the logarithm of the

response signal yielding a signal proportional to the log of response divided by

force. The two signals are also passed through a phase meter to get the relative
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phase between the force and response. The output of this type of system typi-
cally goes to an X,Y,Z plotter where it is plotted as amplitude and phase versus
frequency. The output could also be digitized and fed into a digital computer
for further analysis. By sweeping the oscillator through the entire fregquency

range of interest, the frequency response can be generated.

The principal advantage of swept sine testing is that the input force can be
precisely controlled. This is particularly useful in the study of nonlinear
systems. By measuring the frequency response of the system with several dif-
ferent force levels, much can be learned about the cause and behavior of the
nonlinearity. Because all signals at frequencies other than the input frequency
are filtered out, swept sine testing gives the best signal to noise ratio at the
measurement frequency of any of the excitation techniques. Swept sine testing
also has the advantage that it can be performed with relatively inexpensive

analog or digital equipment.

The major disadvantage of swept sine testing is that it is slow. A test of the
frequency range from 1 Hz to 100 Hz with a two Hz bandwidth filter takes approxi-
mately 20 minutes. Another disadvantage of swept sine testing is that it gives a
very poor linear approximation of a nonlinear system. This is a serious problem
if the data is to be curve fitted to estimate modal parameters since digital
parameter estimation schemes are all based on linear models and the premise that

the structure behaves in a linear manner,
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The

Its

advantages of swept sine testing are:

It has the best peak to rms energy ratio;

It has, by far, one of the best signal to noise characteristics;

It is good for documenting the nonlinear characteristics of the test system;

It has the longest history of use and as a result it is the most widely

accepted input.

disadvantages are:

For nonlinear systems the measurement doesn't have the form that satisfies

the curve fitting models used to obtain the modal coefficients.

It is slow. It will take at least 20 minutes for a measurement in the 0-100
Hz range. For a typical modal survey conducted on an aircraft a total of
more than a thousand frequency response measurement may be taken. This would
correspond to several months of work. With the other techniques the test

could be done in several days.

Pseudo-Random - Because of the development of the digital Fourier analyzer,

pseudo-random input testing has become a practical method of frequency response

measurement, Using Fourier transforms it is not necessary for periodic inputs to

be sinusoidal; they can have almost any spectrum content. In fact it would be
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possible, though not practical, to tune a large number of oscillators to differ-
ent frequencies, mix the signals together and use the resulting signal to excite
a system. In one sample of data it would be possible to determine the frequency

response of the system at all the excitation frequencies.

In practice the procedure for implementing a pseudo-random signal is to use a
digital to analog converter (DAC) connected to the computer of the Fourier
analyzer to generate the excitation signal. The signal is created in the fre-
quency domain, normally with uniform amplitude and random phase angle throughout
the desired frequency range. If necessary, the amplitude versus frequency char-
acteristics of the signal can be modified to compensate for impedance mismatch
between the exciter and the structure thereby producing a flat shaker output
spectrum. Once the desired frequency domain signal is produced, it is ﬁourier
transformed into the time domain and output to the exciter system through the
DAC. This process leads to one of the important advantages of pseudo-random i
excitation. Because the excitation signal is created in the frequency domain and
transformed into the time domain, it is always periodic within the sample window
and therefore does not suffer from the leakage errors of the pure random signal.
Because the signal contains energy at all frequencies of interest, it is possi-

ble, in a low noise environment, to make a reasonably good frequency response

measurement with only one sample of data. In normal testing environments, a few

l samples may be required. One of the principle disadvantages of pseudo-random

'
f excitation is that nonlinearities or loose components will generate periodic

noise which cannot be averaged out of the data. Due to this condition, the

overall quality of a pseudo-random measurement is generally lower than that made

by any of the other techniques. However, in mode shape surveys, where several

49
/ !
| ‘ . e
Ml VISRon IV




hundred measurements may be made with no intention of curve fitting for frequency

and damping, the speed of pseudo-random is a fair tradeoff for lower quality

data.

For linear systems in low noise environments, pseudo-random is a good choice for

modal surveys. A structure for which it would work well would be a frame type

structure. A structure for which it would not work as well would be an aileron

i system because of the nonlinearities in the flight control system.
The advantages of pseudo-random are: L
1. It is fast. For a frequency range of 0 to 100 Hz it takes one sample period

of the Fourier analyzer to produce the frequency response. This is about 6

seconds for 1024 time domain points. This compares to about 20 minutes for a

similar test using swept sine excitation.

2. It is controlled. Both the amplitude and frequency content of the excitation

signal can be precisely controlled.

3. It has a low ratio of peak to rms energy.

4. Noncoherent noise can be conveniently averaged out.

5. Leakage errors are eliminated by using an input that is periodic within the

sample window of the Fourier analyzer.




Its disadvantages are:

1. It is very sensitive to rattles. Loose components generate periodic coherent
noise which cannot be averaged out. The noise appears as spikes on the
frequency response measurement which can cause difficulty in curve fitting

the data to extract modal parameters.

2. The energy input at any given frequency is small compared to swept sine. The

reason, of course, is that all frequencies are being excited simultaneously.

Periodic Fast Sine Sweep - Another choice of a periodic time domain signal is the
periodic fast sine sweep. Good test results are obtained using the periodic log
swept sine forcing function by actually making the function a true transient
signal. The log swept sine forcing function is formed by means of software in a
Fourier data block and output through the DAC to the exciter. Since timing is
critical in making a truly periodic forcing function in the Fourief analyzer's
sample time (T), a transient signal is sometimes used that allows time for the
response to die out before the end of the time sample T. This is accomplished by
stopping the sweep typically at 85% of the total time sample taken. The modal
damping values of the system under test will dictate this length, Lightly damped
systems may require stopping the sweep at 70%. In any event, the sweep is
stopped, allowing enough time for the systems to decay out to 10% or less of its
peak resonnance. To soften startup and shutdown transients, the amplitude of the
sweep time history are also linearly ramped using a 5% ramp time at the beginning

and the end of the sweep.
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In the measurement phase of the test, the swept sine has an appealing nature
compared to random in that as each resonance is traversed the response blossoms,
giving a quick intuative feel as to signal-to-noise ratios and system dampings.
Data dropouts and other anomalies are much easier to recognize using sine versus
random. The periodic sine sweep gives good signal-to-noise ratios and good peak
to RMS energy ratios. Leakage errors are eliminated by virtue of its perio-
dicity. Its main disadvantage is that any nonlinearities are not averaged out.
In a ground vibration test of a complete aircraft, the small nonlinearities
within the structure can present a serious problem when attempting to curve fit

the data to obtain modal parameters.(93)

Random Sigrals

Pure Random - Pure random excitation typically has a Gaussian distribution and
is characterized by the fact that it is in no way periodic, i.e., it does not
repeat. The output of a random signal generator may be passed through a bandpass
filter to concentrate energy in the band of interest. Generally the filter
spectrum will be flat except for the filter rolloff and, hence, only the overall

level is easily controlled.

One disadvantage of this approach is that, although the shaker is being driven by
a flat spectrum, the structure is being excited by a force with a different
spectrum due to the impedance mismatch between the structure and the exciter.
This means that the force spectrum is not easily controlled and the structure is
not being excited in the optimum manner. Since it is difficult to shape the
spectrum because it is not generally controlled by the computer, some form of

closed loop force control system would ideally be used.
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A more serious problem of pure random excitation is that the measured input and
response signals are not periodic in the measurement time window of the Fourier
analyzer. A key assumption of digital Fourier analysis is that the time wave-
forms be exactly periodic in the observation window. If this condition is not
met, the corresponding frequency spectrum will contain "leakage" due to the
nature of the discrete Fourier transform; that is energy from the nonperiodic
parts of the spectrum will "leak" into the periodic parts of the spectrum, thus

i giving less accurate results (161).

In digital signal analyzers, nonperiodic time domain data is typically multi-
plied by a weighting function, such as a Hanning window, to help reduce the
leakage caused by nonperiodic data and a rectangular window. When a nonperiodic
time waveform is multiplied by this window, the values of the signal in the
measurement window more closely satisfy the requirements of a periodic signal.
The result is that the leakage in the spectrum of a signal that has been multi-

plied by a Hanning window is reduced.

However, multiplication of two time waveforms, i.e., the nonperiodic signal and
the Hanning window, is equivalent to the convolution of their respective Fourier
transforms (recall that multiplication in one domain is exactly equivalent to
convolution in the other domain). Hence, although multiplication of a non-
periodic signal by a Hanning function reduces leakage, the spectrum of the signal
is still distorted due to the convolution with the Fourier transform of the

Hanning window.
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With a pure random signal, each sampled record of data T seconds long is differ-
ent from every other sample. This gives rise to the single most important
advantage of pure random excitation. Successive records of frequency domain data
can be ensemble averaged together to remove nonlinear effect, noise, and distor-
tion from the measurement. As more and more averages are taken, all of these
components of a structure's motion will average toward an expected value of zero
in the frequency domain data. Thus, a much better measure of the least squares

estimate of the structural response can be obtained. This is especially impor-
‘ tant because digital parameter estimation schemes are all based on linear models

and measurements that contain distortion are more difficult to fit.
i The advantages of pure random are:
‘ 1. It gives the best linear approximation of a nonlinear system.

2. It is relatively fast. It is slower than impact or pseudo-random but is

significantly faster than swept sine.

3. It is well controlled. The force levels can be easily and accurately

1 controlied.

4. It has good peak to rms values.

54




The disadvantages of pure random are:

1. For light), .amped systems, the frequency resolution of the discrete Fourier
transform can be a serious problem. However, this problem can be reduced or

eliminated by using a zoom transform.

2. It is difficult to control the frequency spectrum without using special

computer software and hardware.

3. Serious leakage errors exist because pure random excitation is not periodic

in the Fourier Analyzer time window.

Periodic Random - Periodic random input combines the best features of pure
random and pseudo-random, but without the disadvantages, that is, it satisfies
the conditions for a periodic signal, yet changes with time so that it excites

the structure in a purely random manner.

The process begins by outputting a pseudo-random signal from the DAC to the
exciter. After the transient part of the response has died out and the structure
is vibrating in a steady state condition, a measurement is taken, i.e., the auto
and cross spectrums are formed. Then, instead of continuing to output the same
signal again as in pseudo-random excitation, a different uncorrelated pseudo-
random signal is synthesized and output. This new signal excites the structure

in a new steady manner and a new measurement i: made.
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When the power spectrum of many measurements are averaged together, nonlinear-
jties and d stortion components are removed from the frequency response - ~.sure-
ment. Thus, the ability to use a periodic random signal eliminates ieakage
problems and ensemble averaging is now useful for removing distortion because the

structure is subjected to a different excitation before each measurement.

The only drawback to this method is that it is not as fast as pseudo-random or
pure random, since the transient part of the structure‘'s response must be allowed
to die out before each new ensemble average can be made. The time required for a
comparable number of averages may be from two to three times as long. Still, in
many practical measurement situations, periodic random provides the best solu-

tion in spite of the extra time required. i

The advantages of periodic random are:

1. It is the best signal for exciting a system to-determine its modal character-

jstics by curve fitting.

2. It, like pure random, gives the best linear approximation for a nonlinear

system.

3. Both the input level and spectrum can be carefully controlled.
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The disadvantages are:

1. It requires additional hardware over standard pure random measurements (DAC

output from the computer).

2. It is slightly slower than standard random measurements, however, it is up to

10 times faster than swept sine testing methods.

Random Transient - The random transient excitation function is basically the
previous "periodic random" modified so that it is totally observed transient.
This is simply accomplished by requiring a dead band at the end (typically the
last 20%) of each sample period of T seconds. The actual duration of the dead
band must be adjusted for each test specimen so that the sampled data satisfy the
criterion of a totally observed transient, i.e., no truncation of the measured
response data in the sample period, T. This is fairly easy to accomplish if the
test setup parameters establishing the duration of the T-second sample length
allow sufficient frequency resolution to adequately define all modes in the
excitation frequency range. This usually requires that Fourier transforms be
obtained with block sizes of 4K time domain data points for typical aircraft
structures. With the availability of new Fourier Analyzer systems with increased
computer data space, block sizes of 8 time domain data points are becoming

realizable.

The random transient excitation function exhibits all the advantages of periodic

random. It has random amplitude and phase in the frequency domain. Each

ensemble of the random transient is uncorrelated with previous ensembles.
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Response nonlinearities are thus randomized from one ensemble tb another such
that the ensemble average should obtain the best lTinear estimate of the struc-
tural transfer function. Since each ensemble, when properly executed, is a
"totally observed transient"; there are no leakage ertors. The input level and
frequency spectrum can be controlled. It does not have the severe time handicap
of the periodic random requirement that one or several ensembles be wasted while

establishing periodicity of the vibrating structure.(90)
Transient Signals

Impact - When the Fourier analyzer was first introduced it seemed as though
impact testing was the answer to every frequency response tester's dreams. In
theory it was possible to determine the frequency response of any structure
simply by hitting it with a hammer. This was felt to be possible since an impact
is an approximation to a unit impulse function which contains energy at all
frequencies. However, when impact testing was first tried, it produced a variety

of results. It seemed to work quite well in some cases and not at all in others.

A great deal of research has been conducted at the University of Cincinnati into
the use of impact testing (225). This research has shown that impact testing can
be one of the most useful testing techniques available if the proper‘restrictions
are applied as to the type of structure, selection of impactors and thg signal

processing techniques used.

There are two very important structural characteristics to be considered in

impacting: linearity and damping. Since impact has a very high ratio of peak to
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rms energy content, it tends to excite nonlinearities in a system. For this
reason, impacting does not work well on a nonlinear system. The amount of
damping in the system is also important. If there is too little damping, the
response signal will not decay to zero within the sampling time and severe
leakage errors will result, If there is too much damping in the system, noise
becomes a mure significant problem. This is because the response signal decays
to zero shortly after the start of sampling but any noise will be present
throughout the total time. Both of these conditions can be improved by the use

of the proper signal processing techniques.

The problems with impact testing are caused by the pulse-like nature of the
impact signal. It has a very high peak value with very short duration. This
causes the force to overdrive (i.e., excite the nonlinearities) the system while
putting very little total energy into it. As a result, nonlinear response is

greatly exaggerated while the signal to noise ratio for the entire measurement is

very low.

Impact Testing Technique - Unlike the exciter techniques, impact testing
requires much more care in setup and procedure to obtain good results. One
serious problem, caused by the high force levels involved, is that of overdriving
amplifiers, filters, digitizers, and the system itself. The possibility of this
occurring and going unnoticed is compounded by the anti-aliasing filters used
with digital processing systems. These filters can make even overloaded signals

look good. Extreme care must be used to be sure overloads do not occur.
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Mounting of transducers is also very important. Because of the high force levels
involved, high local accelerations can occur. For this reason, methods of
accelerometer attachment which may work well for other excitation methods do not
work with impacting. Magnets, for example, are very bad because of their

tendency to bounce.

The proper choice of an impact hammer is also important. The prime consideration
js what frequency range is to be excited. The frequency content of an impulse is
inversely proportional to the width of the pulse. Factors which affect the pulse
width are the weight of the hammer, the hardness of the hammer tip, the technigue
of the person swinging the hammer and the mass and stiffness of the structure
under test. Figures 2 and 3 show the effect of different hammers, tips and

masses on the excitation force spectrum.

If proper care is exercised in the test setup and procedure and with the proper
signal processing techniques, impact testing can be a very useful testing

technique.

The advantages of impact testing are:

1. Setup and fixturing time are a minimum of all the excitation techniques.

2. Equipment requirements are the least of all the testing methods.
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3. It is the fastest test method for low noise environments.

4, It is ideal for use in tight guar*ters where an exciter will not fit.

Its disadvantages are:

1. It has a very high peak to rms energy ratio and is therefore not suitable for

nonlinear systems.

2. Since little energy is input into the system, it has poor signal to noise

characteristics.

3. Special care must be taken to eliminate overloads to system, signal process-

ing equipment and/or the data analysis equipment.

Unit Step Function Testing (Step Relaxation) - A second type of transient input
frequently used for measuring the frequency response of a system consists of a
unit step function input. A unit step function is normally generated by pre-
loading the structure with a measured force through a cable and then releasing

the cable.

For aircraft testing this technique is of limited usefulness. Therefore, only a

very brief list of its advantages and disadvantages are given below:
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Its advantages are:

1. It can be used on very small or large structures.

2. The direction and magnitude of the force vector can easily be contro]ied.

3. It has superior low frequency energy content.

Its major disadvantage is that it is difficult to implement on normal structures.

A more detailed complete evaluation of this type of excitation can be found in

Reference 225.

Chirps (Fast Sine Sweeps) - A chirp is a nonperiodic fast sine sweep where the
sweep rate exceeds the quasi-steady state condition necessary for swept sine
testing. It has limited use for aircraft testing where the excitation signal is
supplied by an exciter system. However, it is used when operating inputs excite

the system. This will be briefly discussed in the following section.

Operating Inputs

Operating inputs would appear to be an ideal excitation source for measuring the
frequency response of a system where the actual force input due to operation is

used to excite the system. Unfortunately, except for simple cases the input

forces are very difficult to measure.
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Successful operating inputs have been unbalances in rotating machinery and air-
craft control surfaces shaking an airplane via inertia forces. In the latter
case the operating command was derived from the stability augmentation system
computer and was actuated through the normal operating flight control system.

Signal processing for operating inputs is identical to that for random inputs.
A Comment On Linearity

In the preceeding paragraphs the importance of exciting the structure to minimize
nonlinear effects has been noted. This importance is a direct consequence of the
way the data will be used. In general, the goal of the engineer involved in a
structural dynamics test is to extract the best estimates of the modal parameters

of the structure, i.e., each mode's natural freguency, damping factor, and

characteristic shape. It is this information which is used to study, alter, and

improve the dynamic behavior of the structure.

Neariy all techniques in use today to extract modal parameters are based on

linear structural models. In general, a linear model is fitted to the measured

data by some form of curve fitting method. Any nonlinear distortion in the

L measured data will impair the ability of the analytical curve fitting algorithm

k to accurately extract modal parameters.

It is noted that evaluation of nonlinearities is not trivial. The study of a
structure’s nonlinear characteristics by exciting it with a sinusoidal source
where the frequency and amplitude can be accurately controlled is occasionally
required. However, if one wishes to extract modal parameters, the structure must

be excited such that it's linear characteristics may be measured.

64

Y




3.1.1.2 Test Setup

The test setup should be supported by a pretest analysis that identifies the
dynamic characteristics of the test article relative to various excitation in-
puts, exciter locations and transducer positions. This procedure maximizes the
success of the test. In the absence of a pretest analysis, experience, good test
practice and procedures, and additional test data must suffice. The important
aspects of the test setup include aircraft suspension, excitation equipment and

technique, and transducers.

Aircraft Suspension

The suspension of the aircraft falls into three categories: (1) frequency separa-
tion techniques to achieve nearly free-free modes, (2) known or measured boundary
conditions, and (3) a clamped condition. In any event the boundary condition
must be well understood so that interaction between the structure ard the con-
straint can be accounted for in the test results. Considerations of the aircraft
suspension is simplified when included as a part of a pre-test analysis. Without
pre-test analysis, a suspension system that introduces little contamination of
the deformation modes of the test article or whose characteristics are well

understood is essential.

Frequency Separation Techniques - The frequency separation techniques in common
usage attempt to obtain free-free modes of the structure by achieving a separa-
tion between the fundamental mode of the aircraft and the rigid modes of the

aircraft on the suspension. This implies that the constraints are very lightly




damped and well separated in frequency from the airplane modes. Various tech-

niques include testing on under-inflated tires with the landing ge~- effectively §
bottomed, suspending the aircraft on bungee cord, suspension on commercially
available air springs and the use of specially designed support systems such as
mechanical springs. The choice of technique here is dependent on the overall
size and weight of the aircraft as well as its fundamental mode. Care must be
taken so that the total suspension system does nct introduce modes in the fre-

quency range of the test article.

Known or Measured Boundary Conditions - The free-free techniques such as under-
inflated tires, air springs, bungee cord and mechanical springs can also repre-

sent known or measured boundary conditions. In these cases the effects of the

known or measured boundary conditions can be used in a pretest or post-test

analysis to compute the mathematical model of the test aircraft.

The "Clamped Condition" - In this case one attempts to achieve a cantilevered or
near-cantilevered boundary condition. A free-free airplane model is obtained
from the measured modal parameters by including rigid body degrees of freedom in
a post test analysis. The clamped condition is the most difficult boundary
condition to achieve and may or may not be successful. This technique is not

recommended for aircraft suspension, but may be suitable for testing airplane

components.
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Excitation Equipment

Excitation equipment falls into two main categories: shakers and impulsive
exciters. Both categories are recommended and their use is dictated by the test

article and personal preference.

Shakers - Shakers are categorized mainly as electromagnetic, hydraulic, air and
inertia. Electromagnetic and hydraulic are used for most applications. Air
shakers are generally quite limited and only used in applications where the
structure is so light that no single attachment to the structure can be made.
Inertia shakers are not usually used in ground vibration testing of aircraft but
quite often have application in flight flutter testing. The power requirements
for the shakers can best be determined by pre-test analysis, however, when a pre-

test analysis is not available experience must suffice.

Impulsive Exciters - Typical impulsive exciters are instrumented hammers,
bonkers and step relaxation equipment. The use of these techniques all require
measurement of the force imparted to the structure. The use of bonkers, which
are explosive devices such as shot shells, is somewhat Timited in aircraft
testing where they have been mainly used as flight flutter exciters. The use has

probably been supplanted by the use of aerodynamic vanes for that purpose (90).

Instrumented hammer techniques are in wide usage in industry for impact testing.
Their use can be restricted by local structure loading requirements but they have
been used on very large structures such as transmission towers and small and
lightweight structures such as flutter models. One selects an appropriate hammer

for each application.
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Step relaxation technigues can be used in some applications where hammer tech-
niques are inappropriate. With this method a measured impulse is imparted to the
structure under test by pulling on it with a known force and then impulsively

releasing, such as with a cut string.
Sensors

The selection of transducers may cover a wide range. Accelerometers, velocity
sensors, strain-gages, displacement sensors and force transducers are all
appropriate. Generally, accelerometers are recommended for most aircraft
testing. Accelerometer selection is dependent on the frequency resolution
required for the aircraft under test. When aircraft with low freguencies are :
being tested, servo type accelerometers or similar equipment with flat response
down to DC are required. If resolution to only 5 Hz is necessary, less expensive
accelerometers are used. The use of many fixed accelerometers are recommended
for large aircraft applications rather than the use of roving pickups because of
the cost of time on test. Another advantage is in being able to format the test

data display of vibration modes during the test.

3.1.1.3 Data Handling

Two data cnllection techniques are in use; a standard analogue technique and a
more automated state-of-the-art method using an analog to digital converter and a
multiplexer. The latter technique requires more specialized equipment. This
includes off-the-shelf 32-channel equipment that greatly improves the efficien-

cies of data collection and processing.
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The standard analogue technique acquires time domain data of all transducers
including the excitation signal, a data ready pulse and time code. The data is
stored to an analog tape recorder. Any one accelerometer is monitored on line
and provides a check of the quality of the measurement in the frequency domain,

The coherence function is also calculated and examined for each measurement.

The data acquisition is handled using a computer which is also used to provide
the excitation signals and a synchronous data ready pulse signaling the start of

each separate test ensemble.

The data is collected over a time period, T, chosen for each sample of data such
that the structural response has died out within the time period and that the

frequency resolution, 1/T, is sufficiently small to adequately define the reso- 1

nant peaks. Generally, the fregquency resolution should be about one-fourth the

half power point bandwidth of the resonant peaks.

Considerable improvements can be implemented in data acquisition systems via the

new generation of off-the-shelf hardware. Autoranging amplifiers, analog-to-

digital converters, digital link recording and computer-driven CRT's can be
integrated into a computer controlled system with little or no development work.
Data management is greatly simplified by using a computer system with a real time

executive.
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3.1.1.4 Data Processing

Computer Hardware

The computer equipment must be able to perform Fast Fourier Transforms, digital
signal processing, curve fitting and test control. Although these functions are
available in signal analyzer equipment, the minicomputer based modal analysis

computer system is preferred because of its greater capability and versatility.

Computer Software

Data processing to be performed consists of calculation of the frequency response
function fron the measured data, curve fitting the frequency response function,
calculation of the modal parameters (frequency, damping, modeshape amplitude and
phase, mass) and data display. Commercial software systems are available for

measurement and data processing.

The data generated will be output in printed arrays and/or animated mode shapes
in a CRT display. Display coordinates for each transducer will be defined. The
graphical displays will show the entire deformed structure relative to its unde-
formed shape or vector displays at each transducer coordinate. Hard copies of

the CRT display will be made.
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3.1.1.5 System Checks

System checks are controlled by a series of handbook procedures. These checks
cover all aspects of the GVT, in addition to procedures for checking the computer

based systems.
3.1.1.6 Signal Processing Techniques

Several signal processing techniques can be used to improve signal to noise ratio !
problems. One common source of noise on both the force and response signals is
electrical noise occurring at harmonics of the power line frequency. This noise
can be minimized by choosing a sample period such that the power line harmonics
are exactly periodic within the sample window, i.e., the total measurement time
is an integer multiple of 1/60 second. This will cause them to fall exactly on a
single spectral line of the analyzer where they can be modified without affecting
other data. One modification would be to set the power line harmonics to the

average value of the two adjacent spectral lines. Of course this technique is

only useful if the data of interest do not fall at the power line frequ=ncies.

Another source of noise is digitizer or "bit" noise. This is characterized by
random one or two bit excursions of the signal about zero volts. Figure 4
illustrates this with a greatly magnified force pulse. Intuitively it would seem
that this noise is insignificant when compared with the amplitude of the force
pulse. However, when the energy associated with the noise is compared with the

1 energy of the force pulse the noise becomes very significant.
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A technique which can be used to minimize the digitizer noise on the force signal
involves multiplying the time domain signal by a window or weighting function as
shown in Figure 5. The characteristics of this window are that it has unity
ampTttude for the duration of the force and a smooth transition to zero after the
force pulse is ended. Since the force signal is known to be zero after the
impactor has left the surface, no measurement errors are introduced by using this

technique. The effect of using this window is shown in Figures 6 and 7.

For severe noise problems SucH as might be encountered in analyzing tape recorded
data, curve fitting technigues can be used to clean up the force signal. Figure
8 shows a force spectrum from an impact with a signal to noise ratio of one (i.e.,
the rms noise level is equal to the rms signal level). Figure 9 shows the same
force spectrum after it has been fitted using a complex exponential algorithm
using five degrees of freedom (225, 226). Figure 10 shows a spectrum from the
same force signal with no added noise., It can be seen that this method can

recover a reasonable force signal even from a force pulse with very high noise.

Noise on the response signal is handled much like the digitizer noise on the
force signal except that a different weighting function is used. With a tran-
sient input, the signal level at the beginning of the sample is much higher than
at the end of the sample. Assuming a uniform noise level, the signal to noise
ratio decreases as the signal level decreases. Thus the data at the beginning of
the sample is much more reliable than that at the end. For this reason the
weighting function shown in Figure 11 is used. Unlike the force window, this
window does have an effect on the measured frequency response. However, the

effects are known and correctable. The window has the form of Ae""t and its
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effect is equivalent to adding damping to the system. If the actual damping in
the system is required, the damping added by the window can be easily subtracted

off.

3.1.2 Interpretation Phase

3.1.2.1 Introduction to Modal Analysis*

Review of Modal Analysis Using Transfer Functions

Modes of vibration have already been defined in terms of the eigenvalues and
eigenvectors of the time domain equations of motion. Since the transfer function
method of modal testing is based upon the measurement of frequency domain func-
tions, it is next shown that modes of vibration can be defined by parameters of a
transfer function matrix model of the structure, which is equivalent to the time

domain model.

It should become clear from this analysis that during a typical modal test, one
row or column of the transfer matrix model is being measured, and that this is
sufficient information to identify all the parameters which define the modes of
vibration. It should also become clear that a complete dynamic model can be

constructed from the modal parameters.

*This section is excerpted, with permission, from "Measurement and Analysis of
the Dynamics of Mechanical Structures", a lecture by Mark H. Richardson.
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Time Domain Model - In a measurement situation the actual input forces and
responses for a finite number of degrees-of-freedom of the structure are

measured. So if a model were constructed from the measurements involving these

specific degrees-of-freedom, the model would give an accurate description of the
structural dynamics involving those points. This is a different situation than
with a finite element model where the degrees-of-freedom and the size and shape
of the elements are chosen so as to approximate the dynamics of the structure as i

closely as possible.

The time domain structural dynamic model, as shown in Figure 12, exhibits the
same form as the finite element model but, at least in principle, is an exact

model of the structural dynamics if obtained from measurements.

Laplace Domain Model - We do not directly measure the time domain model of Figure

12, but rather its Laplace domain equivalent, shown in Figure 13.

In this model the inputs and responses of the structure are represented by their
Laplace transforms. Time domain derivatives (i.e. velocity and acceleration) do
not appear explicity in the Laplace domain model but are accounted for in the
transfer functions. The transfer matrix contains transfer functions which
describe the effect of an input at each degree-of-freedom (D.0.F.) upon the
response at each D0.0.F. Because the model is linear, the transformed total
motion for any D.0.F. is the sum of each transformed input force multiplied by

the transfer function between the input D.0.F. and the response D.O.F.
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For example,

Xl(S) =h (S)Fl(S) + hlZ(S)FZ(S) + .04 hln(S)Fn(S) ;

Transfer Function of a Single Degree-of-Freedom - The Laplace variable is a
complex number, normally denoted by S = 0 + jw. Since the transfer function is a
function of the S-variable, it too is complex valued. Plots of a typical
transfer function on the S-plane are shown in Figure 14. Because it is complex,
the transfer function is represented by its REAL and IMAGINARY parts or equival-
ently by its MAGNITUDE and PHASE. Note that in this case, the transfer function
is only plotted over half of the S-plane, i.e., it is not plotted for any
positive values of ¢ . This was done to give a clear picture of the transfer i
function values along the jw-axis. These values will become important later in

this development.

Note also that the magnitude of the transfer function goes to infinity at two

points in the S-plane. These discontinuities are called the POLES of the trans-
fer function. These poles define resonant conditions on the structure which will
"amplify" an input force. The location of these poles in the S-plane is defined

by a FREQUENCY and DAMPING value as shown in Figure 15. Hence, the og-axis and

Jw-axis of the S-plane have become known as the damping axis and the frequency
% axis respectively. The frequency and damping which define a pole in the S-plane

are the frequency and damping of a mode of vibration of the structure.

1 Transfer Matrix in Partial Fraction Form - The elements of the transfer matrix
can be written as ratios of polynomials as shown in Figure 13. With some minor

assumptions, (explained later) the transfer matrix can be re-written in partial
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fraction form as shown in Figure 16. This form clearly shows the transfer
function in terms of the parameters which describe its pole locations, namely P =%
+ jw,. For a model with n-degrees-of-freedom, it is clear that the transfer

functions contain n-pole pairs (pk, pk*).

Two unique features of the partial fraction form are that all transfer functions
contain the same denominator terms involving the S-variable, and that the numer-
ators simply become constants (numbers) which are assembled into the RESIDUE

matrix, and its conjugate matrix.

Transfer Matrix in Terms of Modal Parameters - After writing it in partial
fraction form, the transfer function can be further simplified by writing the

residue matrix in terms of a MODAL VECTOR (uk) as shown in Figure 17.

The derivation of this form is given in References (156) or (170). This is a
crucial step, for now we have reduced the transfer matrix (i.e. the entire
dynamic model) to a parametric form involving only modal parameters. As stated
in Figure 17, a mode of vibration is characterized by a pair of conjugate poles

and a pair of conjugate mode vectors.

* - denotes complex conjugate
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Note that the unique form of the residue matrix allows the entire (n x n) matrix
to be defined once the n-dimensional mode vector is known. Furthermore, since
every row and column contains the mode vector multiplied by a different component
of itself, ONLY ONE ROW OR COLUMN of the residue matrix (and hence the transfer
matrix) needs to be measured in order to identify the mode vector. A 2-dimen-

sional case is written out in Figure 18 to illustrate this point.

The numeratotf of the first column of the transfer matrix are made up of the mode
vector (ull’ u21) multiplied by its first component (“11)’ plus the conjugate
mode vector (Ull’ *u21*) muitiplied by its first component (ull*), for mode #1.
Similiarly, two more terms are added for mode #2. The denominators, which
contain the pole locations (pl, pl*) and (pz, pz*), are the same for every

transfer function in the matrix.

Modal Testing Implications - The modal testing implications of this final para-

metric form of the transfer function model are stated in Figure 19.

Normally only one row or column of the transfer matrix is measured in a modal
test, although multiple row and column elements could be measured to obtain

better estimates of the modal parameters. Reference (172) covers this subject.

The assumptions made in order to derive the parametric form of the model are
explained in more detail in Reference (170). These assumptions can be satisfied
in a large number of test situations but they must be kept in mind during a modal

test since they can be easily violated when testing complex structures.
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Modal parameters can be identified from one row or column of the

transfer function matrix

Assumptions

1. Structurs! motion can be described by linear second order equations
2. The structure exhibits symmetry (or reciprocity)
3. Only one mode exists at each pole location

4. Modes are defined in a global sense

Figure 19. Modal Testing Implications
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Transfzr Function Measurement

In a test situation we do not actually measure the transfer function over the

entire S-plane, but rather its values along the jw-axis.

These values are known as the FREQUENCY RESPONSE FUNCTION, as shown in Figure 20.
Since the transfer function is an "analytic" function, its values throughout the
S-plane can be inferred from its values along the jw-axis. More specifically, if
we can identify the unknown modal parameters of a transfer function by "curve
fitting" the analytical form in Figure 16 to measured values of the function

along the jw-axis, then we can synthesize the function throughout the S-plane.

Alternative Forms of the Frequency Response - The frequency response function,
being complex values, is represented by two numbers at each frequency. The so
called CO-QUAD pilot, or real and imaginary parts, derives its origin from the
days of swept sine testing when the real part was referred to as the COincident
waveform and the imaginary part as the QUADrature waveform. The Bode plot, or
log magnitude and phase vs. frequency, is named after H. W. Bode who made many
contributions to the analysis of frequency response functions. (Many of Bode's

techniques involved plotting these functions along a log-frequency axis.)

The Nyquist plot, or real vs. imaginary part, is named after the gentleman who
popularized its use for determining the stability of linear systems. The Nichols
plot, or log magnitude vs. phase angle, is named after N. B. Nichols who used

such plots to analyze servo-mechanisms.
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Measuring Elements of the Transfer Matrix - The simplest way of measuring ele-
ments of the transfer matrix (i.e. frequency response functions) is to measure
them one at a time, as shown in Figure 21. In this simple 2-dimensional case the
frequency response function (hll(w)) is measured by exciting the sdtructure at
pt. #1 and measuring response at pt. #1. Then the function is formed by dividing
the Fourier transform of the measured response motion (Xl(w)) by the Fourier
transform of the measured input force (Fl(w)). Likewise the second element in
the first row (hlz(w)) is measured by exciting the structure at pt. #2 and then
dividing the Fourier transform of the response motion (Xl(w)) by the Fourier
transform of the input force (F2(a0). The second row of elements can be measured

in a similar manner.

More sophisticated measurement methods involving multiple inputs and responses
could be implemented, but this simplified single input-single output approach is

most commonly used.

If time savings is a significant test objective, as it often is in larger modal
tests, than test time can be significantly reduced by measuring a single input
force and several response motions simulataneously. From this data, several

transfer functions in a single column of the transfer matrix can be computed.
Modal Parameter Identification
Once a set of transfer functions has been measured from a structure, modal

parameters are identified by "curve fitting" an ideal form for the transfer

function to the measurement data.
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As shown in Figure 22, at least one row or column of transfer functions from the
transfer matrix must be measured in order to identify the mode shapes. The mode
shapes, or mode vectors, are then assembled from the identified residues from

each measurement at the same modal frequency.

Figure 23 shows a breakdown of a measurement into a summation of the contribu-
tions due to each of the modes of vibration. That is, the magnitude of the
transfer function shown by the solid line in the figure, is really the summation
of a number of magnitude functions shown by the dashed lines in the figure, each

one due to a different mode of vibration.

The modal parameters (frequency, damping and residue), of a single mode can be
identified by curve fitting the dashed line function corresponding to that mode.
However, since only the solid line function was measured, it is clear that to
identify modal parameters accurately, all the parameters of all the modes must be
identified siultaneously by some method which fits a multiple mode form of the
transfer function to the data. This method is called a "multiple mode" curve

fitting method.

Many times, the accuracy of a multiple mode method is not required, so simple,
easier-to-use methods known as "single mode" methods are used to identify the
unknown parameters. A single mode method treats the data in the vicinity of a
modal resonance peak as if it is due solely to a single mode of vibration. In

other words the "tails" of the resonance curves from other modes are considered

to have negligible contribution to the data in the vicinity of the resonance peak

in question.
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The amount of error incurred with the use of single mode methods is dictated by

the amount of "modal coupling” in the measurements.

In a light modal coupling case the measurement data in the vicinity of a modal
resonance peak is predominantly due to that mode, and the influence of the other
modes is minimal. In this case a single mode curve fitting method can give

accurate results.

In a heavy modal coupling case the influence of the tails of other modes is not

negligible, so a single mode method will incorrectly identify modal parameters.

3.1.2.2 Modal Parameter Determination

Once the frequency response information on the aircraft has been measured, the
frequency response information is curve fit to identify the modal parameters. In
the following sections, the modal parameter identification algorithms are des-
cribed in detail. An algorithm is defined as a mathematical solution procedure.
These procedures can, in general, be implemented on any computer. Care must be
taken in discussing algorithms because the resulting computer program implement-
ation is often also called (mistakenly) an algorithm. The curve fitting computer
prcgrams are applied to selected portions of the frequency response functions.
The analysis of one frequency response function could conceivably involve the use
of all available curve fitting routines, each applied to a different frequency

band. A typical frequency response function is shown on Figure 24.
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Single Degree of Freedom Approximations

In most modal parameter estimation schemes, the usual procedure is to first
estimate the eigenvalues (natural frequencies and damping factors) and then to
estimate the eigenvectors (modal coefficient). Note that the solution for the
eigenvalues from measured frequency response information is mathematically a
nonlinear procesé which, in general, greatly complicates the parameter estima-

tion schemes, particularly the multiple degree of freedom cases.

The methods that are discussed in this section are all single degree of freedom 1
approximation procedures. Many of the techniques are those which were used
historically with swept sine testing techniques utilizing analog data analysis
equipment. As a result of this type of equipment, the initial modal coefficients
were output directly from the analog equipment (C0-QUAD Analyzers) or graphi-
cally determined from plotted frequency response information. With the advent of
small, dedicated mini-computer systems it is possible to measure frequency
response information and computationally determine the modal parameters. As a

result of this improved computational capability, a large number of computa-

tional algorithms have been developed in recent years for computing modal inform-
ation. In the next several sections each technique will be described as to its

implementation, advantages, and disadvantages.

Amplitude Response - Perhaps the simplest modal estimation procedure is to mea-

sure the magnitude of the frequency response at one of the natural frequencies.
The natural frequencies for this simple case can be determined by choosing the

frequencies where the magnitude of the frequency response reaches a maximum, If
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the damping coefficient is known, the modal coefficient is given by the following

relationship:

b~ 2"(%(;’-) - (1)

The damping can be estimated by a number of different techniques, the most common
being the half power points or by measuring the rate of change of the phase angle

through the resonance peak (99).

If the damping coefficient is unknown, the terms on the right hand side of
Equation 1 can be lumped together and used as the modal coefficient. In other
words, the total response can be used as the modal coefficient. In fact, this is
frequently done since the resulting mode differs only by a scale factor. This
assumption depends upon the damping coefficient being a fixed global property of

the system.

The only advantage of this technique is that a minimum amount of equipment can be
used. If the structure is excited with a sine wave at the frequency of the
resonance being investigated and the resulting response is filtered to eliminate
the harmonic distortion, then a simple voltmeter can be used to measure the modal
coefficient., An oscilloscope can be used to determine the phase. The main
disadvantage of this technique is that it does a very poor job of separating

modes.
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Quadrature Response - In order to better separate the modes, the quadrature
response can be measured. The quadrature response is the ninety degree out-of-
phase response of the structure displacement or acceleration with respect to the

input force.

The quadrature, or imaginary component of the frequency response of the system
for a single degree of freedom reaches a maximum at the undamped natural fre-
quency of the system and approaches zero away from the resonance frequency. It

is this characteristic which helps to separate adjacent modes.

Again if the damping is known, the modal coefficient can be computed from the

quadrature frequency response by the following relation:

qu’ﬂfr{qwd(_:fp) ] (2)
q/ peak

When the damping is unknown, by the same argument as before, the quadrature part

of the response is used as the modal coefficient.

For cases where the system is lightly damped or the modes are well separated, the

quadrature response is a very good technique,

The quadrature response technique has been. and still is, one of the more popular
techniques for determining modal coefficients and is used extensively with the
multiple shaker excitation approach. For troubleshooting cases, where it is not
necessary to generate a moda)l model, the quadrature response technique will

almost aiways give acceptable results, Typically, the frequency of the peak
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quadrature response is chosen from a typical measurement or by constructing a
summation of power spectrums of the quadrature responses from a number of meas-
urements (Figure 25 and 26). Once the frequency is known, the value of the
quadrature response at that frequency can be determined from the measured fre-

quency response data at all points of interest on the structure,

The damping can be estimated by one of the multipie degree of freedom techniques
described later or can be estimated using the rate of change of the phase angle,

half power points, or magnification factor (Q) method.

Circle Fit - The original approach for this method was developed by Kennedy ana

Pancu (96) for systems with hysteretic damping characteristics. As will be

h ;, shown, the method can be extended to the viscous damping cases and also can be
H extended to include complex modes by using Equation 13 with the following
assumptions:

1. The modes are only weakly coupled in the range where one mode is predominant.

The contribution of lower and higher modes can be approximated by a complex

constant (R + jI). !

E 2. The system is relatively lightly damped.

The frequency response of the structure in the frequency range where the r-th

mode is predominant can be written as:

Xy Upgr* iVoqr (3)
— —_—.—&—-— *Rﬁ'"
Fq '6r+|(“’“"’pr)
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where R+jl includes the contribution of the term associated with the conjugate
eigenvalue. If the complex constant is neglected and the magnitude of the mode
is set to unity, (U =0 and V = -1 for a single degree of freedom, w>0) the
following relations can be obtained:

ne[_’_‘_e] ey

Fq (w -wpr)2+8;" (4)

X )
™} - ENT (5)
q (w - wp,) +5;

and thus,

| S

In other words, the contribution of one mode to the general response can be
represented in the Argand plane as a circle (Figure 27). Taking into account the
complex constant and the complex modal coefficients, the coordinates of the
center can be calculated as:
v v ()
(R-—BR, P
2%, 2%,
and the diameter as:
Yy 2 2
d qur+ qur (8)
6!
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The complex modal displacement vector expands or reduces the diameter and rotates
the circle in the Argand plane. On the other hand, the complex constant (R+jI)

will translate the center of the circle in the Argand plane (Figure 28).

G ma b

A measure of the accuracy of this method is given by the shape of the frequency
response in the region of the resonance: the more circular the curve, the more

accurate the result.

It was shown in Reference 99 that the resonance frequency could be found where
the variation of the phase angle as a function of frequency is a maximum:

2

2%

—_— = 0 (9) ‘

dw? }
The damping ratio, §, , can also be determined from the fitted circle. By |
locating the two frequencies wl andw?2 at +90 degrees with respect to the damped
natural frequency (Figure 28), the damping can be calculated by the following

relation:

w,-wz
TR 7S (10)
The diameter of the circle is proportional to the modulus of the residue:
d= ‘é"‘lqurl2 (11)
r

The phase angle, o of the complex modal coefficient can be calculated by

a
Pq
passing a straight line through the point of the resonance frequency, «, , and i
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the center of the circle. The angle this line makes with the imaginary axis is

equal to the phase angle of the complex modal coefficient:

qu,

« r = arctan (

o )= 3 o9 (Aar) (12)

par
Circle fitting typically is the next level of parameter estimation above quadra-
ture response. It does a better job of separating coupled modes than the
quadrature technique, but it, like most of the more complicated methods, can
diverge and give very poor answers. In general, the method is fast and can be
used to obtain complex modes, but in order to get the best possible results it
should be used interactively. The center frequency and bandwidth used in the
circle fit can be varied depending upon the amount of noise, the coupling of
| modes, and the damping of the mode. This choice of data points utilized in the
circle fit gives different answer and the best answer becomes a judgement. As a }

result, the best answers are obtained by a skillful operator.

f The normal procedure for using the circle fit is to first determine the natural
%
i

frequency of the system using any one of a number of different procedures. The

peaks in the quadrature response or the peaks in a summation of power spectrums
(constructed from the quadrature response of all of the measurements) are very

good indicators.

Using the least squares Circle Fit algorithm, a circle can be interactively fit
to the measured frequency response data at the designated natural frequency. The

damping ratio ({,) as well as the modal coefficient (amplitude and phase) are

defined by the location, diameter, and orientation of the circle.
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In order to illustrate one of the more serious problems with circle fitting, the

following example will be used. The first two modes of a cantilever beam will be
determined using circle fitting. The mode shapes for the beam are shown in E
Figure 29. If an excitation force is applied at point one on the beam, the !
measured frequency response plots between point one and all other points are
shown in Figure 30. In this figure the resonance frequencies are marked with a
symbel and the bandwidth used in the circle fit are shown by the double 1ine. The
problem which is being illustrated shows in the measurement at point 2. At point
2 the modal contribution of mode 2 is nearly zero. The circle fit in this case is
really a fit of the skirt of the first mode. Instead of getting a value near
zero, a very large value is obtained. ODue to this type of problem and due to bad
estimates caused by noise, it is necessary to interactively fit the data with the

Circle Fit algorithm,
Multiple Degree of Freedom Approximations

In studies carried out by Klosterman (99), Van Loon (208), and Richardson (170,
171, 227) a derivation is given for the general formula of the frequency response

of a multiple degree of freedom system with viscous or hysteretic damping.

For general viscous damping, the frequency response for a multiple degree of
freedom mechanical system can be written as:

(13)

+- -
-8, w-5,

SACREY

q r=1

where

104




\

Figure 29. Cantilever Beam—Two Degress of Freedom
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xp = response at point p,
Fq = input at point q,
j= VI,

s, = eigenvalue of r-th mode =3+ jw,.

wdr = damped natural frequency of the r-th mode,
br = decay rate of r-th mode (damping),

qur = complex residue of r-th mode = U + 3V

pqr pgr’

Continuous systems have &. infinite number of degrees of freedom, but, in
general, only a finite nuther of modes can be used to describe the dynamic
behavior of a system. The theoretical number of degrees of freedom can be
reduced by using a finite frequency range (fa,fb). The freguency response could
be separated into three partial sums, each covering the modal contribution
corresponding to modes located in the frequency ranges (O,fa), (fa,fb ) and
(fb,oo) (Figure 13). In the frequency range of interest, the modal parameters
can be estimated to be consistent with Equation 13. In the lower and higher
frequency ranges, residual terms can be included to handle modes in these ranges.

In this case, Equation 13 can be rewritten as:

ﬁ = Lpg + ’Zb [_qu" + _A;q’.]+zpq (14)
Fq rry jw-s, jw-~ s
where
ra = lower mode index of the frequency range of interest,
r, = upper mode index of the frequency range of interest,
pq ° lower residual term, and |
qu = upper residual term.
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Frequently, the lower residual term is called the inertia restraint, and the

upper residual term is called the residual flexibility. These can be written as:

pq"'-——"“ Z[ADQr Am:]} (15)
r 1w-sr
(-4 Al
qu*Re{ :‘[T:T"i:i':-+wm:]} (16)
r*rb+ r .s'

where

Re z = real part of a complex number z, |

Y
ba

qu

inertia restraint, and

]

residual flexibility.

Therefore, Equation 13 can be rewritten as:

b { Apgr A ]
__p_ = o .__. -_rpqr +2 7 !
| Fa w2 '-2',[ iw- Sy jo- Sy pd (17) :

An alternate way to write the frequency response in terms of its undamped natural

frequency and damping coefficient is:

Y fb o [ o——
Xo. Yoz & Bparti 1 (&) . (18)

Fq w? r=ry 1(—3—) +j28, (w‘_)

where by definition,

w, *ViT . 3 u
ATIE] 8 2Upqr (19)
W,
t --Br/w r
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.2 (5' Upar * “pr me) (20)

B, =-
pqr 2
Wy

The above terms have the units of compliance and as a result the numerator of
Equation 18 is the "complex compliance". For the case of proportional damping,
the equation for the frequency response has the more classical form:

X Y b Bpgr

'-:-:—=- wpzq +§a 1-((‘7“’) ppn (wi) 2o (21)

r

where

B displacement output

force input

pgr = modal compliance =

Many of the parameter estimation techniques that are used will assume that only
one mode exists in the range of interest and all of the other modes appear as

residual terms. For this case Equation 14 can be rewritten as:

X Y’ A A2
L. B, ., R, (22)
Fa w jw=s s pa

or for the case of proportional damping as:

Xp Y.pq

Fo 2 * a;‘;gq *Zpq (23)
T )

Several of the curve fitting cases which will be discussed utilize the unit
impulse response of the system., The unit impulse response is the Fourier trans-
form of the frequency response. Therefore, a mathematical expression for the

unit impulse response can be obtained by a Fourier transform of Equation 13:
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hpq (t) "21 [quf e
r=

The remainder of this discussion in this report will involve experimentally
determining the modal parameters by using a parameter estimation technique based

on one of the expressions presented in this section.

For cases where single degree of freedom approximations do not give satisfactory
answers, the modal parameters can be determined directly by curve fitting either
Equation 17 to frequency response information or Equation 24 to unit impulse
information. Due to the nonlinear nature of these two equations, the parameter
estimation schemes are difficult to implement. In this section several different

multiple degree of freedom algorithms will be presented.

Frequency Domain Algorithms - The multiple degree of freedom frequency domain

algorithms presented are some of the techniques that are currently being devel-

oped. The most promising algorithms solve Equation 17 in a least squares sense.

Restating Equation 17: v

f& = . —&- +2
Fq w? Pq
r . .
. b qur + 'qur R qur - 'qur
S tilw-wpd b +ilw+ wprl
Thi ion i + :
s eqguation contains 4n+2 unknown parameters: ér , Wy o qur . qur for

each of n modes in the frequency range of interest, and two parameters qu and

qu to handle the residual contribution of lower and higher modes. It is obvious
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that the equation could be solved given 4n+2 pieces of information, but it would |
not be wise to do so, because measurement errors would usually cause the solution
to be useless. In fact, the equations are nonlinear in 5, a"d‘°dr , which means
that an iterative solution is necessary. Getting a solution of this form to :
converge to a unique answer in the presence of noise would be very difficult. 1In

order to handle the noise problem, a least squares solution can be used.

i PR

Let G represent the experimentally determined frequency response, and H repre-

sent the mathematical model Equation 5. The data varies only with frequency,

and is known at M frequencies:

(é%) experimental = 6(f) f=1:1,1:2,...fm

The model depends not only on frequency, but also on the modal parameters, which

; will be represented by the 4n+2 components, 11 , of a vector 7 :

Bk

(

The error in the fit at frequency fk is

)lnodel = H(f,7) = H(f, Y1,..., T4n+2)

Ex(7) = Glfy) - Hfy., ) (26)

and the functional to be minimized for the least squares process is

M M
Ee 'k21 Ex (1 ESn =Y gy ()12 (27)
- k=1
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If the derivatives of this error functional with respect to the unkown variables
7 are set to zero, then there are 4n+2 equations available to determine the
unknowns:

< dH aH*
E' <= (fi, y)tE & =
k};[ K 3y; e 1B ayi“""”] 0 (28)

These equations are nonlinear in 8, andwdr , and so a solution must be found by
an ijterative aproximation, starting from initial values for 5, and Wy This
means calculating a a5 . andznudr for each interaction step. The iteration can

be stopped when the process has converged.
Equations 28 can be used in two different ways:

. 3 i + ’ ’
1. A linear least squares method calculating 2n+2 parameters (qur qur

Y ,1 ), starting with fixed values of 5y, and Wy that are determined by

pq Pq
some other method, and which are constant throughout the solution, or

2. An iterative least squares for all of the modal parameters.

Some details of an algorithm with both solution possibilities are given in
Reference 208. This program has been implemented in minicomputer based Fourier
analyzers, so that the parameter estimation process can be controlled interac-
tively, If the eigenvalues are not fixed, the solution is best done interac-
tively since the solution will frequently diverge if the starting estimates for
the eigenvalues are poorly chosen. The program has a built-in algorithm to
recognize a divergent condition and will eliminate the diverging mode and try to

continue the solution to convergence using the remaining modes.
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Linear Least Squares Algorithm for Residues - If the eigenvalues are known or can

be chosen, then the eigenvectors (modal coefficients) can be determined

directly, because Equations 28 reduces to a set of linear simultaneous equations.

Since the solution is based on a least squares development, the data can be i
weighted to optimize the results. The type of weighting that should be used
depends on the characteristics of the measurement. For example, for very lightly
damped data, it is desirable to weight the off-resonance data. The reason for
this is that the amplitude is sharply peaked at the resonance, and hence the most
significant errors due to "leakage" and nonlinearity will occur at or near the
resonances. Data near weak resonances may be more heavily weighted to help
extract those modes. Areas of low coherence between input forces and output

response should be weighted very lightly.

It is important to include local modes in those measurements where they are
active. A local mode is a mode for which the modal displacement is nearly zero at
all points on the structure except in a very small region. (The first bending

mode of a flagpole on a battleship, for example.)

The least squares modal coefficient calculation is very straightforward and will
normally give a solution if a good set of eigenvalues have been determined. The
eigenvalues are usually considered to be global properties of the structure, and

should therefore be independent of the choice of the measurement point. Varia-

tion of the eigenvalues from point to point can be caused by measurement problems
or nonlinearities in the structure. On linear structures, the assumption that

the eigenvalues are global properties is valid, and this condition can be

enforced in the parameter estimation scheme. If the curve fitting process allows
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the eigenvalues to change with measurement location, they may vary due to noise,

measurement errors, and nonlinearities, and will give confusing results.

It is important, therefore, to be able to obtain a set of global eigenvalues for
the structure being analyzed if good modal coefficients are to be estimated using
this approach. This normally requires that a good estimate of the number of
degrees of freedom be obtained. Also good measurement techniques must be used in
order to prevent the eigenvalues from changing as a function of measurement

process.

Linearized Least Squares Algorithm for all Modal Parameters - For cases where it
is not possible to test the structure so that the eigenvalues remain constant, it
is necessary to allow the eigenvalues to change as a function of the measurement
position. For example, when a very light structure is tested using transducers
with significant mass, the eigenvalues change as the transducers are moved around
on the structure, because of mass-loading of the structure. If the eigenvalues

are allowed to change, there are 4n+2 unknown parameters in the curve fitting

process. From statistical considerations, as the degrees of freedom increase the
amount of data that is necessary to obtain the same confidence levels on the

estimated parameters likewise increases.
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The Gauss-Newton procedure is used to linearize the estimation process. Equation
17 is expanded in terms of a Taylor series, and then the higher-order terms are
neglected, using the assumption that the changes in the parameters from their

initial (or "starting") values will be small, The result is:

4n+2

oH
HifY) =H (f, 7,,) + iE W(f' 1087; (29)
where Ty = vector of starting values of the modal parameters, and by, = e
(7i)sv = the change in the i-th parameter,

The error at frequency fk i$ now

4n+2 OH
Ey (v) = Glfy ) - Hif, 7, ) - 5)51 ay, i, 7)) BY; (30)
which is linear in all of the parameters 7 » because Yoy is a constant vector.
The derivatives of H with respect to v; are created by a formal differentiation
of Equation 17, and are evaluated at Toy The results are functions of only

frequency:

oH
f) @« = f'
0= 1.7,

so the functional to be minimized is :

M 4n+2 2
&=L, N - Mt 7,0 -E 5,0 av ) (31)
- i=1
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By equating to zero the derivatives of Et with respect to T the results are
linear equations for the values of A1i. These are solved at each iteration step,

and the "starting" values vector is updated,

Usvdnew = (Ygyloig * &7 (32)

in preparation for the next iteration. The iteration is stopped if the least

squares error, ©¢, satisfies the criteria:
0.980 4 < 0pg,, < 1-010 oid (33)

H The iteration procedure is constructed so that any of the eigenvalues can be
fixed and the remaining parameters iterated. If any one mode starts to diverge,
‘ it can be fixed at the starting value or dropped from the list of eigenvalues.
The most common form of divergence is for one mode (which typically has a very
small modal coefficient) to start to diverge. If this is allowed to continue,

the complete process will diverge.

It is important for the nonlinear solution to have a very good set of starting
values and for the data to have minimum distortion due to measurement errors

(such as "leakage" errors associated with the Fourier transform (12, 13)).

Time Dcmain Multiple Degree of Freedom Algorithm - In the time domain the unit
impulse response of the viscous-damped linear system is given by Equation 34.
Experimentally, the unit impulse can be determined by measuring the frequency

response and computing the inverse Fourier transform.
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hpqgfth = 2 Re { r21(Um‘,"iVm,)e('sr"'j“’dr)t] (34)

In this equation, the unit impulse is described in terms of 4n unknown param-

eters. The equation is nonlinear in terms of L and Wy The Complex Exponen-

ro
tial algorithm and the least squares Complex Exponential algorithm can be used to

solve for the four parameters of each mode.

Complex Exponential Algorithm - A collocation solution to the parameter estima-
tion problem is developed in Reference 228. The solution technique is referred
to as the Complex Exponential algorithm and uses the Prony method of solution.
It should be noted that 4n pieces of information are used to determine the 4n
unknowns. The equations are nonlinear and an iteration process is used to obtain
a solution.

The Complex Exponential algorithm will compute the A and Sr to fit the unit

par
impulse response hpq as given in Equation 34. Since the equation is nonlinear in
Sr, the values of Sr are determined by an iterative procedure. The equations are

linear in the parameter A , S0 these coefficients are determined by solving a

par
standard system of linear simultaneous equations.

This algorithm is a collocation parameter estimation technique; there are 4n
degrees of freedom, and it uses 4n samples of hpq. In other words, there is no
smoothing involved in the estimation process, as there is in a least squares
algorithm. Most collocation estimation routines will diverge if the form of the
data does not satisfy the assumed model. Due to numerical limitations, the

Complex Exponential algorithm tends to compensate for this deviation and will
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give a reasonable fit even if it cannot match the underlying form of the actual

data. In other words, numerical errors in the calculation prevent the solution

process is relatively robust.

Equation 34 can be rewritten as:
N s kT, a» stkT
hm(tk) =r§1 [qure r *qure r ]

or

N k - -
foq )= L [Apqr X5 + Ange 07 1¢]

where

N = number of nodes in the frequency range (0, 1/2T),

~—
un

sampling interval,

Now, hpq is a real valued function; that is:

N
k
{ hpqti) = 2Re [ r}_;' Apqr X ]

t 118

from passing exactly through the data points, with the result that the solution

When the impulse response function is sampled at equally-spaced instants in time,

(36)

(37)

(38)
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A collocation solution to the set of equations obtained from Equation 38 for
different values of tk can be found using Prony's method. A new set of real-
valued unknowns a, i = 23 are introduced which are the coefficients of the terms

in the polynomial equation

N 2N
M x-x)x-X=5 axk=0 (39)
=1 k=0

T

The 2N roots of Equation 39 are the complex exponentials eSr' and the coeffi-

cients 3, are called the autoregression coefficients of the assumed model in

Equation 35.

Multiplying Equation 38 by the coefficients a, and adding the equations (we

suppress the subscripts p and q on h and A): 5

agh (tmso) = 289 Re{ ZAX™0)
34 (tyys9) = 204 Re{EAX™1)
32h (tm+2) = 282 Re{ZArX;Mz}

8h (tag) = 22y Re {ZAXT™)

020 b (tagn) = 202 Re {ZA XM 2N)

2N N N
L ayh (el = 22’: aRe{ T AXTH
0 k=0 |m

k=

- Ro[ 'g"A,x,"' (zgo nXx )]
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According to equation 39, this last term must be zero, so:

2N
L ahlt,)=0 form=012,... (40)
k=0
This equation indicates that there are only 2N linearly independent amplitudes in
the sampled impulse response. If the autoregression coefficients are normalized

by choosing Ay = 1, then

2N-1
z akh (tm'.'k) =- h(tm+2N) (41 )
k=0
Therefore there are 2N linear equations which can be written for the variables
3> and these are computed directly from the measured unit impulse response. In
practice, the values of m that are used are typically o< 2N , but any set of
H ‘ 2N can be used. Having solved for the a > the roots of Equation 39 can be found
using an iterative polynomial solver, and the eigenvalues can be determined from

Equation 37.

Once the eigenvalues are determined, the resulting modal coefficients (residue

terms) can be calculated from the following relation:
N
E) [Amr XK+ A'pqr(xr.)k] =h (‘k) (42)

These equations are linear in the values of A r o+ s in the case of the previous

Pq

frequency domain solution.
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Equations 41 and 42 involve Toeplitz and Van der Monde matrix forms, which can be
solved in a much more convenient manner than standard simultaneous 1inear equa-
tion techniques, such as Gauss elimination. Expanding Equation 41 in matrix form

(here the typical selections for m are used):

—h(t2N-1, h(IZN) h“2N+1) . h(t4~_2) If .0 1 Ph((4N_1 ﬂ
h‘tzN.z) h(tzN_1’ h(tzN, N h(t4N-3) 01 h(‘4~_2)
.. (43)
h‘t2N-3) hth_z) M‘2N-1‘ h(tQN.‘) .2 - h(t4N.3)
h(to) h(t,) h(t2) ve h“zN-') I2~_‘ h(‘zN'
L, - . i b -

Both the Toeplitz coefficient matrix and the constant vector are composed of the
unit impulse response. The last row of the coefficient matrix is the initial
portion of the unit impulse response. The next to last row is the unit impulse
shifted one sampling interval later in time, and so on. As a result of the
shifting, the elements of the matrix are identical along any descending-to-
the-right diagonal. The Toeplitz matrix solution can be accomplished in computer
memory space on the order of N locations versus N squared, and a computation time

on the order of N squared versus N cubed, compared to a standard matrix solution,
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The Van der Monde matrix equation is derived from Equation 42. In expanded form

it is

(v 1 1 o YA ] [ree ]
Xy Xy X3 oo Xy | |Ane2 h (tq)
x? x2 x3 ... X3 | |Ans3 h (ty)
NINIxN N1 | |, '

RO I R 1) N Y] I IO

In this case each row in the matrix is a higher power of the same components as in
the previous row. It also can be solved in much less time, with less computer
memory, than the general case. The details of the Complex Exponential algorithm

can be found in Reference 228.

The Complex Exponential algorithm has the advantage that the nonlinear solution
for the eigenvalues is computationally straightforward. Once the eigenvalues
have been estimated, the modal coefficients can be directly determined, as was
the case with the frequency domain solution. Since it requires no starting
values, it is easy to use and is a completely "blind" technique. In order to
obtain a solution, it is only necessary to supply the algorithm with the impulse

response function and the expected number of modes to be found in the data.

One of the major problems with this technique is that of determining the number
of modes in the data. For systems with light damping and widely spaced modes,
the most convenient method for estimating the number of modes from the measured

frequency response data is by a visual inspection. Of course, data of this type
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can be very conveniently analyzed using one of the simpler single degree of
freedom techniques. For closely coupled systems with high modal density, it is
difficult to estimate the number of degrees of freedom visually. Another compli-
cating factor is that the algorithm needs extra degrees of freedom ("compu-
tational” modes) to compensate for noise or distortion in the data. A good rule,
based upon experience, is to input one and one-half times the number of modes

that are expected.

A second characteristic of the algorithm is that a nonuniform distribution of
modes across the frequency range causes the program to miss modes in the areas of
high modal density. For this case, it will calculate “computational” modes in
areas of low modal density, and not enough modes in the areas of high modal
density. If a larger number of modes is specified, the algorithm will eventually
find the desired number of modes in the areas of high density, but will compute a
large number of "computational” modes. Sometimes it is difficult to separate the
real modes from the "computational” modes. The best way to minimize this problem
is to use a zoom Fourier transform to measure the frequency response in the
regions of high modal density, and then use the Complex Exponential algorithm on

the banded frequency response data.

Zoom Fourier transform data éan be handled very conveniently with the Complex
Exponential algorithm by Fourier-transforming the banded frequency response data
into the time domain. The resulting filtered impulse response can be fitted with
the Complex Exponential algorithm. In this case the frequencies computed by the
algorithm are shifted by the frequency at the beginning of the zoom range (Figure

31). The zoom Fourier transform also helps to reduce distortion errors in the
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frequency response measurement due to "leakage", which is a rather significant

source of error with the Complex Exponential algorithm,

Mathematically, there is a rather straightforward way to determine the number of
modes in a measurement when using the Complex Exponential algorithm. It consists
of determining the rank of the coefficient matrix used in calculating the eigen-
values. This can be done by varying the number of potential modes and computing
the value of the determinant of the coefficient matrix. Theoretically, when the
specified number of modes exceeds the actual number of modes the matrix is
singular. If the determinant is evaluated repeatedly for increasing choices of
the number of modes, the determinant rapidly falls to zero after the actual
number of modes is exceeded. With practical data, noise causes the value of the
determinant to decrease gradually, and it typically will never reach exactly
zero. Figure 32 shows a schematic diagram of this behavior. It becomes a matter
of judgement as to how close the determinant should be to zero. Despite this

limitation, the procedure is very useful.

A second method for determining the number of modes involves using different
segments of the impulse response to compute the modal coefficients. The variance
in the computed modal coefficients can be used to separate the true modes from

the "computational” modes.
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A significant source of error concerning the use of the Complex Exponential
algorithm is the truncation of the frequency response in the frequency domain, A
sin(x)/x type of distortion error is induced in the corresponding impulse
response. This results in distorted estimates for damping and frequency

(Figure 33).

The greatest problem with using the Complex Exponential algorithm for modal
parameter estimation is that a new set of eigenvalues is computed for every
measurement, when in theory, the eigenvalues are global properties of the
structure. It should be noted that for any given measurement there are a number
of sets of eigenvalues which can be computed by the Complex Exponential
algorithm, depending on the number of degrees of freedom allowed. Any one of
these sets will fit the data to within very close limits. From a plot of the
curve fit data, it may not be possible to distinguish any difference. The
resultant set of data that will be computed depends on small differences in the
measured data due to noise or distortion. The variation between the computed
modal coefficients can easily exceed 30%, while the fit to the frequency response

may be within 1%. An example of this is shown in Figure 34.

In summary, the Complex Exponential algorithm is a very simple technique to use.
It does an exceptional job of fitting any individual measurement, but because it
can compute different eignevalues for each measurement, it has limited applica-
bility for modal measurements. It is also rather sensitive to noise since it has
no inherent smoothing. For single measurements it works very well, so it appears

to be generally useful for single-input and single-output systems.
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Least Squares Complex Exponential Algorithm - The Prony algorithm used in the
Complex Exponential Algorithm can be replaced by a least squares method. As
usual, we write the sum of the squares of the errors, differentiate with respect
to the parameters, and set the result to zero, in order to find the values of the
parameters which minimize the sum. From Equation 41, the error in the fit for

the m-th equation is:

2 2N-1 2
Em = [T akh hm+k) +h (tm+2N )] (44)
K=0

and thus the totai error is

(45)

m
n
=
m
EL

where M is the number of equations that are used in the fit. The derivatives are

given by
M 2N-1
JoE
N 0=F "t o ach () + 0 (tmean)] (46)
or
2N1 M M (47)
o kIE Pl bt I+ bty i) Bl an) = 0
L Making the substitution
M
Rik"Zoq N (i) bty (48)

the resulting equations are
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vo ik RiaN
or in matrix form,
- -Tr - r- -
Roo Ro1 PRo2- - - Rooana ag Ro,2N
Rio Rit Ry . - Ryong ay Ry2N
50
Roo Ra1 Raz. . . Ryang a_ |-_ (50)

Ro2n

LR2N-1,0R2N-1,1 Ran-1,2: - Ranegone1 | | 2o Ron-1,2N
- - e -

When M becomes very large, the values of Ri  are approximately equal to the
values of the autocorrelation function th (i-k). Here the lag value (i-k) is
the true lag value divided by the sampling interval, T. Because the auto-

correlation function is even, that is,
Rpp li-k) = Ry (ki) (51)

the equations can be expressed in terms of the autocorrelation function as

Rpn(@) Rl Rp@ . . . Rynn] [ag 1 Ry 20 ]
(52)
REZN1) REZNZ) RENS). . . RO | |agng Lth(l)
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The least squares residues (modal coefficients) can be computed from the unit
impulse response as follows. From Equation 42, the unit impulse response can be
written in terms of sine and cosine functions. Assuming that the mean value of

h i .
pq 'S zero

N
hoq(t) =22 €%t (U0, COS (wp k) + Vg, SIN (wp, il (53)

The error in the fit to the k-th point of the impulse response is chosen as the

discrepancy between this model and the data, 9 > for k=0,1,2,...,M
Ej = ) - gty (54)

and the total error functional associated with the fit of M samples is

M N ,
E:}k:ﬂu:k-:z_t(c,rkum,-.\i,kvwn2 \55)
where the notation Cix = dit cos (we t) Sik-esi'k SIN (wg; t, )
was used
L'E 019 z( -S (56a)
Vg ik' "k crkU rk qur”
o M
A sm"k’z Crk Ypar=Sek Vigr ! (56b)
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Let

M M
Air=Z_Cik G B =Z, Sik St

M M

Dy=-% CicSuc  Xi=%, Ci 9
¥s

Yi=-2 Sk U; = Upgi Vi= Vpgi

Then the matrix form of the equations for the residues is

(57)

where A, B, and D are N x N submatrices, qu . qu , X, and Y are N x 1 column

vectors, and DT is the transpose of D. The formal solution for the real and

imaginary components of the modal coefficients is

{J-{3¢]" B

There is an approximate solution

Upgr = X /A, qur'Yr/Brr
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which is valid when the diagonal terms, compared to the off-diagonal terms, are

very large in the coefficient matrices A and B, and the elements of D are small,

The major advantage of the least squares version of the Complex Exponential
algorithm is that it has least squares elimination of noise. Like all least
squares techniques the data can be weighted so that the parameter estimation will
favor the strongly weighted data. For cases where the testing procedures gener-
ate eigenvalues which can be considered global properties of the structure, this
algorithm can be used to determine a weighted least squares estimate of the
eigenvalues. All of the measurements can be used, or any selected combination of
measurements. It can be used to determine overall system modes, or it can be

used on any subset of the measurements to estimate local modes.

The least squares version of the Complex Exponential algorithm has the same
prablems as the ordinary Complex Exponential algorithm. It is difficult to
estimate the number of modes to input into the algorithm. Again the rank of the
matrix given in Equation 50 can be used to estimate the number of independent
modes in the data, as can the least squares error function. The least squares
error is large when too few modes are assumed in the solution, and reduces to
some small value determined by the numerical noise when too many modes are
assumed. A schematic plot of the error as a function of the number of assumed
modes is shown in Figure 32. As can be seen from this figure, for actual data the
curve gradually approaches the noise floor, and it is a judgement to specify the
optimum number of modes. In Figure 35 the least squares error is shown as a

function of the number of assumed modes for a typical structure.
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In general, the least squares version of the Complex Exponential algorithm does a
very good job of generating a set of eigenvalues for a structure. For a given
choice of input location (exciter position) a set of eigenvalues will be gener-
ated which will do an excellent job of fitting all of the measurements taken with
the exciter position. A different exciter position may generate a different set
of eigenvalues and eigenvectors. At the present time an engineers judgement is
required to edit the sets of eigenvectors generated from different exciter posi-
tions into a consistent set which can be used to describe the structural charac-

teristics of the system being analyzed.

Mode Enhancement

Enhancement of one mode in a frequency range may be accomplished by a technique
that is based on the same principle as the generation of normal modes for the
multiple-exciter sine test. A forced-response function is created by computing a
linear combination of a set of frequency response functions that have either a
common response location or a common exciter location. The coefficients of this
linear combination correspond to a forcing vector applied to the structure at the
varying locations associated with the set of frequency response functions used.
If the variation is in the exciter location, this correspondence is direct; if
the variation is in the response locations, then the correspondence depends on
the validity of assuming that the structure has a symmetric frequency response
function matrix (that is, that Maxwell-Betti reciprocity is true for the

structure).
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When the vector composed of the coefficients of the linear combination (the
pseudo-forcing vector) is approximately equal to the components of the mode shape
for the mode to be enhanced, the mode of interest is "excited" more strongly than
the other modes, and the forced-response function appears much more like a

frequency response function of a structure having a single degree of freedom.

Figure 36 shows a typical measurement from a test executed under adverse condi-
tions for measurement of frequency response. Figure 37 shows a forced-response
function derived from a set of measurements from that test that enhances one of

the modes seen in Figure 36.

For a proper choice of the pseudo-forcing vector, the forced-response function
can be used with a curve fitting program to obtain a better determination of a
mode's eigenvalue than would be calculated from any of the frequency response
functions used in the linear combination. If there are frequency response
measurements available for several exciter locations as well as several response
locations, then a set of forced-response functions can be computed, using the
same pseudo-forcing vector, to calculate mode shape components with greater

accuracy.

This enhancement technique requires that the fregquency response functions in the
Tinear combination be consistent, in the sense that they all have the same
eigenvalue for the mode to be enhanced, and that the pseudo-forcing vector
correspond rather closely to the mode shape. If this is not the case, the
forced-response function will include distortions that prevent the curve fitting

programs from computing a proper eigenvalue. In fact, executing the enhancement
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and curve fitting the result provides a check on the validity of the eigenvalue
and eigenvector that were obtained directly from the frequency response

functions.

For the example shown in Figure 34, the quadrature response was used to generate

the pseudo-forcing vector.

3.1.2.3 Mathematical Model Correlation

Correlation between ground vibration test results and mathematical models is
meaningful only in the areas of significance of the mathematical model. This
applies not only to bandwidth, but also to the area of the airplane under
consideration. For example, in a mathematical model for flutter analysis the
frequency range of interest on the wing may be 5-15 Hz, that on the vertical tail
10-30 Hz, that on a control surface 40-100Hz and that on a control surface tab

100-200 Hz.

Mathematical Model Comparisons

Mode Shape and Frequency - The most common comparison is on modeshape and fre-
quency. The modeshapes and natural frequencies of the mathematical model are
computed. Usually the mathematical model is the free-free airplane; occasion-
ally the free-free model is modified to include the GVT boundary coni:itions.
Generally, unless both frequency and modeshape are quite close the correlation is
deemed poor. Poor correlation could be due to errors in mathematical modeling,

measurement or modal interpretation of the measurement.

138




Frequency Response Function - Occasionally frequency response functions of the
mathematical model with the GVT boundary conditions are computed. In the compar-
ison of measured with calculated frequency response functions, no modal analysis
of the measurement, involving the judgment of the test engineer, is involved. It
has the disadvantage that the analysis engineer must make assumptions about
damping in his analysis. In this comparison the frequency of significant
response peaks and their relative amplitudes must agree well or the comparison is
poor. In this case poor correlation is due to errors in mathematical modeling or

measurement.

Mathematical Model Revisions

Intuitively Based - Revisions of mathematical models to match test results is
nearly always intuitively based. This is an art all of its own, and discussion

of it is beyond this report.

Systems Identification - Although considerable research has been expended in
identifying point mass, stiffness and damping from GVT data, little of this
research has reached application. The principle difficulties seem to be involved
with reliability and with handling noise contaminated test data. Work remains to

be done in developing rugged, useful systems identification algorithms.
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4.0 CONCLUSIONS

4.1 STATE OF THE ART

Recent advances in vibration testing have made it possible to use substantially
fewer resources to conduct tests of the same or higher quality than previously.
Typically, the application of these advances can reduce cost, reduce time on
test, and reduce the number of people involved. The improvements include using
computers, improved test equipment, digital systems and developments in vibra-

tion testing theory.

Application of the minicomputer to the vibration test has provided the most
stunning advance. The minicomputer has made possible automating excitation and
data acquisition, data management and on-site or off-line frequency response

analysis.

Test equipment has benefited from the recent advances in elestronic circuitry
design as well as routine design improvements. LSI chips and microprocessors
have found application throughout the test systems giving inexpensive, hirh
sensitivity, rugged transducers, and modest cost autoranging amplifiers, ana-
logue to digital and digital to analogue converters, multiplexers and other
items. Mechanical design improvements have included readily available off the

shelf suspension system components.

Converting the signal format to digital throughout much of the test equipment

system has .ubstantially improved dynamic range, improved signal to noise levels

and has often reduced equipment cost.
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Vibration testing theory advanced when the application of the digital computer
and frequency response analysis to vibration testing made practical many con-
cepts heretofore only of academic interest. Vibration testing theory has devel-
oped by adapting and expanding upon Fourier Analysis, digital signal processing

theory and the theory of random processes.

4.2 - RECOMMENDED GVT METHOD

Single Point Excitation/Frequency Response Analysis Method

The recommended method for ground vibration testing is the single point excita-
tion/frequency response analysis methods. Its primary advantages over other
methods are that it is more efficient and has the prospect for substantial
improvement. In particular, the multipoint excitation/sine dwell method has had
many years development and should be considered mature, yet both it and the
recommended method give equivalent results. Also, the test time and cos. esti-
mates for the recommended method are reliable whereas good estimating of test
time and cost for the multipoint excitation/sine dwell method is often quite
difficult because of the unpredictability of the effort required in tuning each

mode.
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5.0 RECOMMENDATIONS
5.1 GROUND VIBRATION TEST METHOD

The recommended ground vibration test method is the single point excitation/
frequency response analysis method. The recommended method is directly applic-
able as described to whole airplane ground vibration tests. For testing models
and components the recommended yéthod, with appropriate adaptations for test
article support and size, is applicable. Although the recommended method is
currently in use for flight flutter testing, and gives results equally satis-
factory to those from other methods, improvement on current practice is needed.
Specifically, signal to noise ratios are often poor, particularly when flying in

turbulence, and rapid reliable techniques for estimating damping are lacking.
5.2 EQUIPMENT
5.2.1 Digital

The entire signal handling system used in the test should be based on digital
equipment to as near to the data capturing sensors as possible. The advantages
of going digital are many. Signal quality deterioration downstream of the
analogue to digital converter is virtually eliminated, digitally based equipment
has become very reasonably priced and computer compatibility of the system is

enhanced.
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5.2.2 Multiplexer

The multiplexer converts a number of parallel data streams from the transducers
into one time division multiplexed signal. It makes possible recording the
digital output from a large number of transducers serially on tape or disk.
Using a multiplexer is desirable because it substantially increases the effi-

ciency of the data recording system.

5.2.3 Autoranging Amplifier

An autoranging amplifier should be used. A variable gain amplifier is necessary
on each signal circuit. Using a piece of hardware which sets its own gains makes
the process much more reliable by eliminating a possibility for human error,
reduyces test time by speeding up the gain setting process and reduces the size of

the test crew.

Although autoranging type amplifiers have been available for a long time, recent
advances in electronics have resulted in price reductions that have made their

use in a GVT practical,

5.2.4 Soft Support System

The use of a soft support system is recommended. In the past soft support
systems tended to be costly, difficult to keep functioning well and generally not
too successful. The advent of commercial airsprings has changed this. The
commercially available airsprings with a servo controlled level and integral

damping satisfy the isolation requirements at modest cost.
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5.2.5 FFT Computer

The minicomputer incorporating fast Fourier transform capability is an essential
jtem of equipment for testing via the single point excitation/frequency response
analysis method. The use of the FFT computer has become practical with the
reductions in price for the computer and with the development of software for use

on the GVT.

5.3 FURTHER RESEARCH AND DEVELOPMENT

5.3.1 Measures of Confidence

5.3.1.1 Measurement

Currently the quality of the measurements is observed by monitoring the raw

signals for all channels on oscilloscopes and by computing frequency response and

coherence functions for the reference accelerometer. Although the frequency

response and coherence functions are fine measures of measurement quality, they

are usually available for only one channel of data. It would be impractical to

compute and monitor these functions for all channels. A better approach is

needed.

5.3.1.2 Analysis

The modal confidence factor and the modal assurance criteria are fine aids in

estimating the quality of curve fit modes. Further work is needed in developing
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methods which can compare a set of curve fit modes with all the frequency
response functions from all the excitation points of a test. These methods will

probably have to be statistical in nature.
5.3.2 Mathematical Model Correlation Criteria

Current techniques for comparing the test results with a mathematical model are

clearly unsatisfactory.

The usual approaches are to compare curve fit modeshapes and frequencies with
modeshapes and frequencies computed from the mathematical model. The difficulty
comes in accessing the significance of differences between the test and analysis
results. E.g., is a 5% difference in second torsion mode natural frequency

acceptable? Is 10%? Is 20%?

Two approaches to improve mathematica) model correlation seem evident. The first
is to base the corretation on frequency response function, not on modeshapes and
frequencies. This avoids the most subjective part of the test. The second is
that a specific correlation exercise has significance only in terms of the
application area intended for the mathematical model. This probably implies a

weighting function applied to an error function. An end product of an approach

like this could be a rating of the correlation error in terms of the performance

criteria involved. An expected result of a correlation exercise like this might

be:
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Application Area Correlation Error

Low Altitude Flutter 20 Knots Flutter Speed

High Altitude Flutter -840 Knots Fiutter Speed

Low Speed, Low Altitude Gust 10¥ Wing Root Bending Moment
Bomb Damage Repair Induced Taxi Loads -15% Pylon Loads

5.3.3 Curve Fitting Algorithms
5.3.3.1 Algorithm Development

L Current curve fitting algorithms require substantial operator intervention and
expend much operator time on routine tasks. In addition to automating the
‘ routine curve fitting tasks, algorithms are needed which are more noise tolerant,
F which utilize simultaneously data from several single point excitation runs and
which are more efficient. Work is also needed in systems integration of algori-
thms so that on one computer system, without reformatting the storea data, the
engineer could call up any algorithm for use. There are a number of approaches
which, although referred to as independent methods, are really only alternative
curve fitting algorithms. One such algorithm is Ibrahims Time Domain Method.

| These algorithms should be incorporated into an integrated system.

5.3.3.2 Computer Systems

Most algorithm development has been done on minicomputers. Some of the new

algorithm developments are near the capacity of these machines. New algorithm

development should follow two paths. In the future all algorithms that need
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large computer capacity should be developed for use on big mainframe computers.
A1l algorithms, 1large or small, should be installed on the big mainframe
computer, The large and small systems should be as compatible as possible so

that a set of test results may be processed on both systems as necessary.

5.3.4 System Identification

Development of the point mass, stiffness and damping of a structure from test
modeshape, frequency and damping has been pursued for many years. These
approaches involve nonlinear systems of equations, and are difficult. The suc-
cess of these approaches has been limited. An alternative approach is suggested
for development work. Beginning with the measured frequency response function,
algorithms should be developed which best fit unknown values for point mass,

stiffness and damping in a mathematical model. This has the advantages that:

1. This approach is linear, insuring a much greater chance of success than
nonlinear approaches and

2. The engineer may specify portions of his mathematical model as known and
other parts as variables to be best fit. This has the advantage of mini-
mizing the size of the problem and of reflecting the reality that the engi-
neer usually has portions of the mathematical model he is quite confident are
correct and parts where he doubts the correctness of the model. The engineer

usually knows where the problem areas are.
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5.3.5 Instrumented Test Boundary Condition

In principle, no special boundary condition is necessary for a ground vibration
test. If the forces and accelerations are measured across the boundaries, the
frequency response function for the free-free test article may be computed from
the measured frequency response functions. _There would be much advantage in
eliminating the requirements for a special boundary condition. A three part

investigation is suggested.

1. Computer studies. Exercise the equations with noise contaminated signals
and with various kinds of boundary conditions.

2. Laboratory model studies. Repeat the exercises of 1. on laboratory models.

3. Airframe GVT. Get an old airframe out of the boneyard and experiment with

various excitation signals, boundary conditions, etc.

5.3.6 Data Basing Systems

Large volumes of data are created in a ground vibration test. Data basing

systems should be applied to the storage and retrieval of this data.

5.3.7 Utility Computer Programs

The family of utility computer programs for use on minicomputer based modal

analyzers is inadequate. Engineers using these computers waste considerable

time executing the steps in utility tasks manually. The utility computer pro-

grams to automate these tasks should be written.
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5.4 APPLYING GVT IMPROVEMENTS

5.4.1 Documentation

Improvements are needed in the cost and quality of contractor ground vibration
tests without increasing total program cost. It is suggested that this could be
accomplished by requiring that the usual intermediate steps of the process be
formally documented (rather than informal internal documentation as is usual).
Quality is idinvariably enhanced when data is prepared for Company management
review prior to release. However, since this data is normally prepared anyway,

the total program cost increase should be minimal.

5.4.2 Pretest Analysis

The pretest analysis predicts the frequency response functions that will be
measured in the test. The mathematical model of the airplane plus the mathe-
matical model of the support system is used in this computation. This pretest
analysis is an important aid in test planning. The pretest analysis should be

completed before proceeding with the ground vibration test.

5.4.3 Frequency Response Function

The frequency response function is the direct result of the test measurement,

normalized to unit force levels. The development of the frequency response

function is direct and straight-forward, following very routine procedures.
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The frequency response functions should be part of the GVT test report. This
should include the coherence functions associated with the frequency response

functions.

5.4.4 Correlation With Mathematical Model

Correlation with the mathematical model should be a required part of the test
report. At present this correlation would be 1imited to comparing modeshapes and
frequency. As the correlation criteria of section 5.3.2 are developed they
should be applied to give a more definative measure of the differences between

the mathematical model and the test.

5.4.5 Soft Support Measurement

If a soft support is used, the bandwidth on selected frequency response functions

must include the soft support frequencies. A sufficient number of excitation

locations and response points must be included so that all the rigid body air-

plane on soft support modes are measured.

5.4.6 Modal Characteristics

The modeshapes, natural frequencies and dampings deduced from the test should be

included in the GVT test report, just as is done at the present.
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APPENDIX A
GUIDE FOR GROUND VIBRATION
TESTING OF AIRPLANES

1.0 INTRODUCTIGN

This "Guide for Ground Vibration Testing of Airplanes" contains guidelines for
ground vibration testing via the single point excitation/frequency response
analysis method. It is intended that these guidelines not be dogmatic; the state
of the art is changing rapidly, the engineering philosophy in various organiza-
tions will dictate many d.fferent approaches to problems and the equipment and

skiiled manpower available will circumscribe one's capabilities.

The approach taken here is that of an aircraft manufacturer. It is assumed that

costs involved in the test are weighed on a return on investment basis. The

consequences of this are that testing time must be minimized, cost and manpower

e

expenditures contrclled and computerized equipaent agressively utilized.

This guide discusses test planning, test equipment, test operations, and general
guidelines, both as they apply to ground vibration testing in general, and to the

single point excitation/frequency response analysis method in particuiar.




2.0 TEST PLANNING
2.1 Test Planning Document

The principal written coordination vehicle between the customer for the test and
the testing group is the test planning document. It must encompass all aspects
of the test and documentation of the test. The document is written jointly by
the customer engineer responsible for the test and the test group engineer
responsible for the test. This document is revised many times, as often as
necessary, to keep it up to date with current plans as the test date approaches.
Since all people involved with conducting the test receive copies of the test

plan document, the regular revisions help keep everyone current.
¢.2 Test Schedule

Pre-test planning should include a carefully layed out test schedule for both
equipment and manpower allotments. The airplane preparation should be planned
and sufficient time allotted for each item. Instrumentation that is required

must be planned for and made ready for the test.
2.2.1 Boilerplate Tests

Frequently test equipment is to be used or test procedures used which are new.
Tne risk of problems with untried equipment or new procedures during the ground
vibration test is minimized by conducting boilerplate tests with them before the
GVT. The boilerplate tests are conducted in the laboratory some time before the

GVT. They are conducted on an ad hoc basis with minimum crew and expenditure.




2.2.2 Length of Test

Since most airplanes are essentially ready for flight at the time of a GVT, the
time available for the test is usually at a premium. The new techniques used for
GVT have vastly reduced the length of tests and have resulted in efficient
automation of data. Since several vibrator locations are usually used with

different airplane configuration, the time for test will vary.

For a new airplane configuration where a complete GVT is required, a carefully

planned test will require from eight to twelve, eight-hour shifts.

2.2.3 Test Crew

The required test crew for a GVT will vary according to the complexity and amount

or data points that are required. Normally, for a large airplane, the crew will

consist of:

Set-up crew to move equipment into place

Instrumentation crew to place transducers, string cable, hook-up all elec-

tronic equipment, perform calibration and operate equipment.

Test planners, director, and supervision.

The total manpower requirement varies from 3 to 20 persons, depending on the

complexity of the test, the latter being an all up test on a large airplane

running three shifts a day until completion.
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2.3 Test Planning for Measurement Phase

2.3.1 Equipment List

A complete and comprehensive equipment 1list must be prepared at the earliest
possible date. It should contain a list of the equipment that will be required
for the test, including transducers, cables for transducers eand vibrator,
amplifiers, filters, tape recorders, oscillcgraphs, VIVM, oscilloscope, function

generator, computer equipment, etc.

2.3.2 Airplane Configuration

A detailed description of the configuration(s) that are to be tested should be
drawn up. Control surface support, weight of equipment, and landing gear config-
uration must be spelleu out in detail. The testing sequence must be planned so
that reconfiguration of the airplane for successive test conditions is performed

as efficiently as possible.

2.3.3 Airplane Suspension

Since the method of suspension may affect the test data, detailed planning must

be done for exact configuration of suspension system, Plans should be made to

check support frequencies and damping of the airplane suspension system.
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2.35.4 Accelerometer Locations

A drawing should be prepared of complete airplane calling out exact body station
and water line of each accelerometer. Lists should then be made and tabulated
for the test document describing the location of the measured structural response

locations.

2.3.5 Exciter Locations

A pretest analysis can be used to determine the best location(s) to excite the
modes. Usually several locations will be used. Each location should be clearly

inaicated on pre-test plan drawings or sketches with WL and BS called out.

2.3.6 Pre-Test Analysis

A pre-test analysis of the airplane to be tested is desirable. A pre-test
anslysis uses a mathematical model of the airplane structure. This mathematical
model may be a finite element model, a beam model or some other abstraction of
the airpiane structure. The most desirable math model is the airplane in GVT
configuration, including the tesi boundary conditions at the airplane support.
Less desirable are models of the free-free airplane or the airplane in configura-
tions similar to the test configuration. Models of the airplane in other config-

urations are ot lesser value.

There are two kinds of pre-test analysis. The first is computation of frequency

response functions. This calculation of the response at various points in the
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structure due to excitation at a point, as a function of excitation frequency, is
usually accomplished by solution of a set of linear algebraic equations. When
this computation is repeated for all the candidate exciter and transducer loca-
tions, these predicted response amplitudes due to a unit amplitude oscillating
force input provides strong guidance in selecting exciter and transducer loca-
tions. A second use of these frequency response functions is to select exciter
size and transducer sensitivity. Third, the frequency response function is an
easy, quick comparison between GVT measurements and the structural mathematical
model since a measurement may be converted into frequency response function form
with no operator judgment or intervention and little computation. Fourth, the
predicted frequency response function may be used (usually with appropriate
noise degradation) as a data set to exercise curve fitting routines, both as a
data set to practice on and to screen candidate algorithms for use on the test

data.

An alternative pre-test analysis that is often performed is computation of mode-
shapes and natural frequencies. The predicted data is more difficult to use in
this form than in the form of frequency response function. The modal amplitudes
may be used as a guide in selecting exciter and transducer locations. However,
no information to specify required exciter size and transducer sensitivity is
available. Comparison between test measurements and the structural mathematical
model requires development of natural modes and frequencies from the test data.
This presents no difficulty if the test technique of sine sweeps and dwells is
used because modes and frequencies is the data recorded from the test. When more

sophisticated testing techniques are used, the modal parameters must be

extracted from the frequency response functions by modal analysis. In a further
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complication, this comparison is sometimes very difficult when it is not entirely

clear how to pair experimental and analytical modes for evaluation.

2.3.7 Instrumentation Calibration

Plans should be made for all transducers to be calibrated over the frequency
ranges of interest and at several representative amplitudes. Calibration sheets
should be made out thet can be used during actual calibration that are suitable
for test report. In a computerized laboratory the calibrations will be recorded
and used within the computer systems, and the paperwork minimized. For most

major tests the calibration is required to be NBS traceable.

2.3.8 Photographic Documentation

Photographic documentation of the test must be planned. For engineering documen-

tation photographs are usually needed of instrumentation layouts, shaker

installations, control surface blocking and airplane configuration. In

addition, still and motion pictures are often taken for use by the test customer

groups.

2.4 Test Planning for Analysis Phase

2.4.1 Data Reduction Plan

A data reduction plan is necessary for both scheduling purposes and for budget-

ing. This plan includes an estimate of the number of frequency response func-

tions to be analyzed, the bandwidth of interest for each major component of the
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airplane, an estimate of the number of modes to be processed and anticipated
problem areas. The data reduction plan is written as part of the overall test

plan, and is revisea as necessary after the measurements are complete.

2.4.2 Documentation Plan

A documentation plan is included in the test plan document. A written agreed on
plan for documentation developed before the test is important in getting satis-
factory test reports. The documentation plan should define the contents of the

document and the documentation specifications.
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3.0 TEST EQUIPMENT

3.1 Test Equipment for Measurement Phase

3.1.1 Test Supervision Equipment

A minicomputer is often used for test supervision. This computer, with a key-
board and paper (or cassette) tape reader, executes control programs to initiate
excitation ana data acquisition, terminate excitation, terminate data acquisi-
tion and automatically perform the online data processing. This computer need
not have much capacity. A standard desktop computer will suffice, or this
control function may be done as a shared function in the larger minicomputer of a

modal analyzer. This computer must have a standard digital data bus interface.
3.1.2 Excitation Equipment

3.1.2.1 Excitation Signal Generator

In the usual equipment arrangement incorporating electrodynamic shakers, an
analogue electrical signal is input to a power amplifier. The output from the
power amplifier drives the shaker. A force transducer between the shaker and the
airplane is used to provide force feedback to the shaker control equipment.
ModalvAnalyzer

One common excitation signal source is an FFT type modal analyzer. The engineer

constructs his desired force spectrum in the analyzer. The analyzer is then
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operated in the inverse Fourier transform mode. The resulting time history
signal output from the FFT computer is processed through a digital tc analogue

converter and transmitted to the shaker control equipment.

Sine Wave 0Oscillator

Pure sinusoidal signals are not usually used with the single point excitation/
frequency response analysis method except in documenting nonlinearities. When a
sinusoidal signal is required a sine wave oscillator is an excellent source. The
oscillator output is patched into the shaker control panel input instead of the

digital to analogue converter output.

Random Noise Generator

Bandwidth limited random noise may be created by a random noise generator in
conjunction with a high pass and a low pass filter as well as by the modal
analyzer. It may be advantageous to use the random noise generator for long
continuous (or pure) random excitation runs (durations typically approaching one

iourj. This frees the modal analyzer, which may now be used during the con-

E tinuous random excitation periods to perform preliminary curve fitting or other

appropriate computations.
Magnetic Tape
It is often advantageous to create complex or unusual excitation signals in the

laboratory prior to the test and record them on magnetic tape. The output from

the tape recorder is patched directly into the shaker control panel.
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3.1.2.2 Shaker Control Equipment

The shaker control panel receives the excitation signal and routes it to the
power amplifiers. Output level for thé power amplifiers are controlled from the
shaker control panel. Some installations utilize feedback from the force trans-
ducer between the shaker and the airplane, while other systems function open
loop. The shaker control panel instrumentation monitors excitation signal and

output force signal.
3.1.2.3 Shaker and Shaker Attachments

The exciters usually used are electro-mechanical vibrators with several hundred
pounds force capability. Vibrators used for control surfaces and tabs are
smaller, in the range of 1-25 pounds force. These vibrators usually have the
voice coil suspended on flextures with the voice coil attached to the airplane.
Flextures are usually placed on the end of the attachment rod to reduce moment
transmftted and reduce alignment difficulty. A vacuum cup has been found to be a
convenient way to attach to the aircraft surface although double back tape may

also be employed.
3.1.2.4 Impact Hammer

Impact hammers contain a force transducer so that the force time history of the
impact may be recorded. Impact hammers are available in several sizes with
various kinds of material on the impact surface. Vibration testing on airplanes

with the impact hammer is not well developed and 1ittle definitive experience
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exists. The work that has been done indicates that the impact hammer is poten-
tially useful on control surfaces and other small components. The technique has
proven useful on panels, wind tunnel force models and, to a limited extent, on

wind tunnel flutter models.
3.1.2.5 Other Excitation Methods
Operating Inputs

Operating inputs are rarely used in ground vibration testing of airplanes. This
is probably because the available operating inputs almost never excite all of the

modes of interest.

In one instance where operating inputs were used, a transport airplane required a
ground vibration test after a design modification. The test was conducted to
measure only certain of the antisymmetric wing modes. These modes were excited
by providing swept sine input to the rudder channel of the automatic flight
control system. The inertia forces of the oscillating rudder provided sufficient f‘

excitation to the modes of interest.
Bonkers
On occasion an airplane fitted with bonkers for flight flutter testing has

required a ground vibration test, and the bonkers have been used as an excitation

source. This technique is most certainly expedient, although it appears that

only the first few modes have been extracted where this approach has been used.




Unit Step Response

The unit step response has been attempted with Timited success on wind tunne)

flutter models. No applications of this technique to airplanes are known.
3.1.3 Aircraft Support System
3.1.3.1 Soft Support System

On many occasions the test airplane 1is supported on a special purpose soft
support system. This system must offer low enough natural frequencies sc that
the support system is well separated from the elastic modes of the airplane. The

system must also be stable and reliabie.
3.1.3.2 Soft Tires

Frequently transport airplanes are shaken on soft tires. The landing gear oleo
struts are either bottomed or overfilled with 0il to eliminate any motion in the
strut. Air pressure in the tires is reduced to make the tires function as soft
springs. This method requires no special equipment and little preparation. It
has the disadvantages that the frequency separation is not as good as a soft
support system and usually the set of tires used is damaged so severely they must

be discarded.
3.1.3.3 Hard Mount

Attempts have been made to rigidly constrain the test airplane at its suspension

points. With care this can be successful on small airplanes. However, on large
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airplanes it has proven extremely difficult to provide a stiff enough support and

backup structure (which often must include the building floor and foundation).
3.1.4 Data Acquisition Equipment

3.1.4.1 Transducers

Accelerometers

Accelerometers are used for sensing response of the structure. These accelerom-
eters are attached in a temporary manner with tape or a removable cement. Since
Tow frequencies are usually measured at low acceleration levels, an accelerom-
eter with good output and phase characteristics is required. The large servo-
type, strain gage, accelerometer is recommended for‘most GVT work. Where smaller
transducers are required, other more compact type transducers may be used of the

crystal or strain gage type.
Force Gages

Since the accurate measurement of the force vector input to the airplane is
required, a reliable force measuring transducer is used between the vibrator and
the airplane. This force transducer is usually attached to the push rod from the
vibrator and may be a crystal or strain gage sensing element. The gage should
have a minimum of cross-talk output resulting from moment forces that are applied

during the excitation.
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Strain Gages

Strain gages are rarely placed on an airplane for use in ground vibration testing
because the low strain levels produced during a GVT result in poor signal to
noise ratios. However, strain gages placed for other purposes are used. No
special preparations are necessary on the strain gage, it has ample bandwidth and
phase stability, but care must be taken that the sigral conditioning equipment
used with the strain gages is appropriate to vibration testing rather than static

load testing where most strain gages are used.

Others

Among other transducers used are displacement and velocity sensors.

3.1.4.2 Signal Conditioning Equipment

Filters

Usually the system is calibrated for amplitude and phase using a high-pass filter

set at a Jow value of 1 or 2 Hz to eliminate zero shift arising from balance

differences of each circuit.

Cathode following or charge amplifiers serve as impedance matching signal con-

ditioning instruments for crystal transducers with high impedance. Locating the

charge amplifier close to the transducers is desirable to reduce the line loss

for long lead lengths.
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Amplifiers

Amplifiers are required to raise the low level signals from the transducers to
levels that can be tape recorded. Specifications for an amplifier include the

following items:

Linearity
Sensitivity
Signal to Noise
Gain Settings

Phase

3.1.4.3 Signal Conversion and Storage

There are two general approaches to signal conversion and storage. Although the
digital system is superior and very much preferred, a discussion of the older
analogue system approach is included because many organizations have the ana-

logue systems and no opportunity to upgrade.

Digital System Approach

Anti-Alias Filters—Low pass filters are included upstream of the analogue to
digital converter on each signal circuit to serve as anti-alias filters. The

filters must be set to function with the sampling rate on each circuit.

Auto Ranging Amplifier—The autoranging amplifier functions in two modes. First,

while autoranging it samples the incoming signal continuously to find the maximum
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signal. The autoranging function is carried out on command. This is done in a
GVT during typical excitation. The autoranging results in an amplifier gain
factor that will produce a specified peak amplitude output. In the second mode,
the amplifier function of the autoranging amplifier outputs the gain and the

input signal scaled by the gain.

Analogue to Digital Converter—The analogue to digital converter creates a
digital signal from its input analogue signal. The conversion takes palce either
on an internal trigger (clock) or an external trigger. For a GVT all the trigger
commands are usually taken from one central clock which is usually located in the

modal analyzer.

Multiplexer—A digital time division multiplexer is used to amalgamate the
signals from many sensors for recording serially on one device. Equipment is
available which combines the functions of autoranging amplifier, analogue to

digital converter and multiplexer into one unit.

Minicomputer—A minicomputer is needed to format the multiplexer output data for

recording and to function as a disk or tape controiler.

Disk or Tape Recorder—0isk recording is preferred over tape because it is much
faster, allowing increased bandwidth (or equivalently additional channels of
multiplexing). However, many disk units do not have enough capacity to record
all the data for one run, and in that case one must record directly on tape and

accept its limitations.
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Analogue System Approach

Variable Gain Amplifiers—A separate variable gain amplifier is used for each
transducer circuit. Ouring typical excitation the test technician adjusts the
gain setting on each amplifier to give a desired output signal amplitude (as
monitored on an oscilloscope). The techniciar records the gain settings on his

clipboard.

Analogue Tape Recorder—The output from the variable gain amplifiers is the input
to the analogue tape recorders. Since analogue tape recorders tend to be

capacity limited, several are required, running in parallel, for the usual G\T.

3.1.5 Data Verification Equipment

The onsite modal analyzer is used for data verification. In addition, monitor
oscilloscopes displaying all transducers during data acquisition provide the

engineer with a qualitative check on signal quality.

3.2 Test tquipment for Analysis Phase

A computer system is used for frequency response analysis. The system most
commonly used is the minicomputer based modal analyzer, with an appropriate set
of peripheral equipment (often including a hardware band selectable Fourier
transform processor). Some organizations have chosen to perform their frequency
response function analysis on the big mainframe computer. There is a trade off
here - the big mainframe has more capacity and is more versatile but moi e modal

analysis software exists for minicomputers.
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4.0 TEST OPERATIONS

4.1 Calibration

The transducers should be checked over the range of frequencies of interest with
several levels of known input. A calibration table should be used with a
secondary standard pickup. The remainder of the electronic equipment must be
checked with traceable standards tc insure amplifier and tape recorders are
operating within standard tolerances. Each item of equipment must have an up-to-

date calibration sticker indicating the instrument is current.

4.2 Aircraft Preparation

4.2.1 Configuration

The airplane configuration tested may include modifications not typical of

flight. For example, the airplane of the A-10 demonstration ground vibration

test was tested with the flaps removed because they were known to be the source

of a strong nonlinearity.

4,2.2 Fuel System

The ideal fuel state to shake an airplane is empty. Then there is no question of

the effect of fluid interactions on the test data. Shaking the airplane empty of

fuel is frequently adequate in organizations where the effect of fuel can be

added to the airplane mathematical model analytically.
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The next ideal fuel state is with every fuel tank either empty or completely

full. In this case the fluid interaction effect is between the fluid bulk and

the surrounding tank walls. Fortunately the frequencies at which this effect is
significant are usually well above those important in whole airplane structural
dynamics - flutter, gust, etc. Note, however, that this effect is significant at

panel flutter frequencies.

The most difficult fuel state is a partially filled tank. In this case there is a
fluid surface, in addition to the fluid bulk, interacting with the structure.
The fluid surface in general exhibits non-linear behavior which is not only a
function of vibration amplitude, but also a function of the boundaries of the
fluid surface, i.e. an airplane fuel tank tested with the same volume of fuel in

two different attitudes can give different dynamic characteristics.

Fuel Safety—The primary danger is not from fire but from explosion of a fuel
vapor-air mixture in the ullage area of the fuel tank. This problem is more
severe for airplanes fueled with JP-4 (JET-B) than with JET-A. Nitrogen inerting
has usually been sufficient to eliminate the danger of explosion, although
occasionally the fire safety organization will require a full purge on some

systems.

4.2.3 Ejection Seat

If the airplane contains an ejection seat it must be removed unless it can be

satisfactorily safetyed. Access to the cockpit must then be strictly limited to

qualified personnel.
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4.2.4 Oxygen Systems

The oxygen systems on the airplane must be configured to satisfy the health and

safety organizations requirements.

4.2.5 Flight Control System

The flight control system of the airplane usually contains nonlinearities and
often couples closely with the elastic modes of the airplane. Because of this
the flight control system is modified to minimize these effects for the airplane
ground vibration test. If the dynamic characteristics of the control system must

be measured this is best done as a separate test. Typical modifications to the

flight control system include blocking or pining the control stick (or wheel) or

t to block the control stick {(or wheel) output quadrant so that vibratory motion of

the cockpit will not induce oscillatory inputs into the flight control system. A
second modification is to block (usually with shims and wedges) the control
surface PCU input quadrant (powered surfaces) or the control surface actuator
quadrant {manually controlled surfaces). A third measure is to test the airplane
with all automatic flight control systems off or disconnected. This is so that

vibration of the AFCS sensors do not cause commands for oscillatory motion at the

L PCU actuators.
4.2.6 Dummy Engines
There has been concern that during a GVT the vibrations induced in the jet

engines on the test airplane could damage the engines. The engine manufacturers

access this potential for damage for each engine design and write
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recommendations. In the worst case the engines are removed from the airplane and
replaced with mass-properties-equivalent dummy engines. For less severe
situations the requirement may be 1) to motor the engines at all times the
airplane is being shaken, 2) rotate the engine periodically during the test
(typically every four hours) or, 3) no special requirement. In recent years the
trend has been toward less stringent restrictions because of 1) improvements in
bearing design and 2) testi~g with predominantly random excitation rather than

sinusoidal provides a more benign environment to the engines.

4.2.7 Other Vibrat ., sensitive Equipment

Ground vibration testing is not an adverse environment for most equipment other
‘ than the engines because the equipment is qualified to stringent specifications.
t The possibility for damage to unqualified nonspecification equipment must be

considered.

4.2.8 Test Equipment Installation {

The test equipment installation should be rapid because the length of time the
test airplane is occupied for the GVT must be minimized. This is accomplished by

assembling and checking the equipment in the laboratory prior to the test, by
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rack mounting equipment, by making up accelerometer installation kits and by

! preplanning the test equipment installation for maximum effciency.

A-30




4.3 Test Qperations For Measurement Phase

4,3.1 System Checks

4.3.1.1 Electronic Equipment

The usual checks of installed electronic equipment are satisfactory; exercising

systems with reference and calibration signals, etc.

4.3.1.2 Aircraft Support System

The aircraft support system must first be checked for function and stability.
Then the rigid body modes of the airplane must be measured; obtaining natural
frequencies, damping and modeshape. This is most expediently done by setting the
lower bandpass 1imits well below the expected rigid body natural freguencies for
the initial random excitation of the airplane. Energy considerations may dictate
separate runs to measure the rigid body modes, using bandwidth limited noise

encompassing only the expected rigid body frequencies.

4.3.1.3 Rattles

Walk around inspections of the airplane while it is being excited at a fairly
high force level is important. Any rattles present are indicative of non-
linearities. This may be due to loose equipment or due to free play. Particular
attention should be paid to the shims and wedges in flight control systems.
Invariably some of them won't be sufficiently tight, and will need tightening or

rework, possibly more than once.
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4.3.2 Force Level Selection

Althouyh excitation force level is predicted by the pretest analysis, excitation
force levels to be used are selected by trial and error in the vicinity of the
predicted force level. Low force levels are desired because most nonlinear
systems behave in a more linear fashion at low force levels, but at low force
levels the signal to noise ratios are poor. A best compromise force level is

sought.

4.3.3 Data Acquisition

4.3.3.1 Excitation

The excitation signal of T seconds duration is generated in a Fourier analyzer
data block in the time domain and output to the shaker through the digital-to-

analog converter. The excitation signal may be of the following types:

1. Periodic random transient
2. Periodic log swept sine transient

3. Pure random

The exiciter locations and directions of excitation may typically include
vertical excitation on one of the wing tips, lateral excitation on the aft body,
Tateral excitation on the vertical fin, vertical excitation on the horizontal

stabilizer, and chordwise excitation on the horizontal stabilizer.
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Force levels are determined by a combination of visual verification of actual
airplane vibration amplitudes and accelerometer response signal levels as
observed in the monitor scopes. The frequency range may encompass frequencies up
to 50.0 Hz and may be subdivided into smaller ranges such as 0 to 10.0 Hz, 5.0 Hz
to 20.0 Hz, and/or 20 Hz to 50 Hz with varying frequency resolution or time
duraticn. Frequency resolution, f, or time duration, T = 1/ f, are sampling
parameters that are functions of the structure's damping characteristics, fre-

quency range and the sample size (or block size) of the Fourier analyzer.

4,3,3.2 Signal Conditioning and Recording

Digital Recording System

If an analogue to digital converter and a multiplexer are used, then all the
analog tape recorders wouid be replaced by one digital magnetic tape unit as the
storage device for the digitized multiplexed time histories. A multiplexer
affords a significant improvement in signal-to-noise ratio over an analog
system. A multiplexer with an automatic gain range amplifier affords the added
benefit to improved S/N ratio by operating with an optimum gain level on each
word of the incoming data stream. The force input signal measured at the shaker
and the accelerometer response signals are the only required signals to be
digitized and recorded on the digital magnetic tape unit. Data qualifiers such
as block size, scale factor, data calibrators and frequency resolution are also
stored on the digital tape with each block of data. The sampling rate of the
multiplexer analog-to-digital converter is clocked by the control computer ADC.
The multiplexer ADC is triggered by the data-ready pulse of the control computer
so that all response time histories are periodic and synchronous with the

excitation signal.
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Analog Recording System

If an analog recording system is used, then on each analog wideband FM tape
recorder are recorded the time domain data from:
1. The force input signal as measured from a force transducer on the shaker at

the point of excitation.

2. The response signals from the accelerometers mounted at preselected coordi-

nate points and directions on the airplane.
3. The data-ready pulse which signals the start of each sweep at T=0 of each
Fourier time window. For post-test data analysis, this pulse is used to

trigger the analog-to-digital converter (ADC) of the Fourier analyzer.

4. Time-code signal.

5. Voice identification.

For each test condition, there are several analog tape recorders running simul-
taneously depending on the number of accelerometer signals being recorded for

that particular test condition.

4.3.3.3 Data for Zoom Transforms

The zoom transform is a measurement technique in which Fourier-transform based

digital spectrum analysis is performed over a frequency band whose upper and

lower frequencies are independently selectable. Zoom can provide an improvement
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in frequency resolution and dynamic range over a baseband measurement which
extends from dc to some maximum frequency, Fmax. The zoom transform operates an
incoming time domain data to the analyzer's analog-to-digital converter (ADC) or
on time domain data that has previously been recorded on a digital mass storage
device {in real time, i.e., no samples lost). The time domain data is digitally

filtered and only the filtered data stored and then Fourier transformed.

The zoom transform lends itself ideally to testing situations wherein successive
ensembles of data are random in nature. If frequency resolution is improved by a
factor of n over the original base-band measurement, then it follows that the
time record of the input signals for a zoom measurement must be n times as long

{Ref. 5).

In testing situations wherein successive ensembles of data are totally observed
transients such as with periodic random transient excitation, the zoom transform
is not readily adaptable. In these instances, frequency resolution is improved
by increasing the number of samples or block size, N. An 8192 point transform is
now ivailable which increases the sample size capacity of the newer version of

minicomputer-based Fourier analyzers.

4.3.4 Verification

The incoming data stream of both the force input signal and the monitor accelero-
meter response signal as seen in the display scope of the Fourier analyzer can
provide a visual check of the data in the time domain. This visual verification
of the signal requires some prior experience on the part of a knowledgeable test

operator,
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In the frequency domain, the quality of the freguency response function is
checked by means of the coherence function. After the frequency response
function has been calculated, the coherence function is then calculated as the

next step in the Fourier keyboard program. It is defined as follows (Ref. 2):

2
16, |
Coherence function v2 = H|? Gxx = —§51§
Yy XX yy
where ny = Cross power spectrum
Gxx = input auto power spectrum
ny = response auto power spectrum

If the coherence is equal to 1 at any specific frequency, the system is said to
have perfect causality at that frequency. In other words, the measured output
is totally caused by the measured input, or by sources corerent with the
measured input. A coherence value less than 1 at a given frequencv indicates

some degree of noise contamination and/or non-linear at-tortion.

Modal analysis for selected modes and a suitable subset of all accelerometers
is often performed to gain additional confidence. The goals of modal analysis
to be accomplished during the test must be modest because there is limited

time available to perform the analysis.
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4.3.5 Nonlinearities

Nonlinearities are handled in three ways; by eliminating, by averaging or by
documenting. Free play may be eliminated by shimming, blocking or preloading.
Nonlinear components may be removed from the test article or may be replaced with
a linear "dummy" component. The technique of averaging the measured data from
random excitation produces frequency response functions that are the linear
equivalent average of the nonlinear system. Nonlinearities are documented by

special testing techniques appropriate to the type of nonlinearity at hand.

4.4 Analysis Phase Test Operations

4.4.1 Preparation of Frequency Response Functions

4.4.1.1 Disk File Digital Time Histories

A series of actions, none of them very automated at present, is necessary to
produce digital time histories on the disk file computer storage of the modal

analyzer.

If digital magnetic tape is the data storage media the problem is that the data
on the tape is in time division multiplexed form. The demultiplexing operation,
called unweaving, involves either selective reading of a few channels at a time
from the tape using the minicomputer or exporting the tape to a big mainframe
computer where the tape is rewritten into demultiplexed form, and then reading

this tape into the modal analyzer.
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If analogue magnetic tape is the storage media then the analogue signal is read
into an analogue to digital converter and then to the modal analyzer disk,

mimicing a realtime analysis of the test data.

4.4.1.2 Signal Processing

The engineer must judge the extent of modifications to the time history signals
necessary to produce analyzable frequency response functions. Generally this
signal processing accentuates one facet of the signal to the detriment of others.
Some of the processes carried out are windowing, decimation and averaging. From
these processes computation of the frequency response function via fast Fourier
transforms follows directly. An alternative process which produces a frequency
response function having fine frequency resolution over a limited bandwidth is

called a band selectable Fourier transform (a zoom transform).

4.4.2 Curve Fitting

The Laplace modal parameters of frequency and damping, magnitude and phase can be
estimated for each mode of vibration by curve-fitting a Laplace math model to the
frequency response functions on the modal disc. The choice of curve-fitting
algorithms is dependent upon the particular modal analysis software system being

used.
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4.4.2.1 Parameter Estimation Techniques

Amplitude Response

The simplest parameter estimation technique is to measure the magnitude of the
frequency response at each of the frequencies where the magnitude reaches a
maximum. The total response can be used as the modal coefficient. This method
assumes a single degree of freedom system. Frequencies are determined visually
by noting where the peaks occur in the frequency response function. No attempt
is made to curve-fit a Laplace model to the data. Damping may be estimated using
any of several popular techniques. Recommendation: This method does a poor job

of separating modes. It is not recommended for use on complex structures.

Quaarature Response

Another parameter estimation technique is to measure the quadrature or
imaginary, component of the frequency response at each frequency where the
imaginary component reaches a maximum, these being the undamped natural fre-
quencies of the system. The quadrature response is used as the modal co-
efficient. This method assumes a single degree of freedom system. Frequencies
can be determined visually or from a power spectrum composite of the quadrature
responses of all the measurements. No attempt is made to curve-fit a Laplace
model to the data. Damping may be estimated using any of several popular
techniques. Recommendation: This method can be used on systems that are lightly

damped and that have modes that are well separated.
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Circle Fit

A third parameter estimation technique is accomplished by presenting each mode of
the frequency response function as a circle in the complex plane. Resonant
frequency is found where the rate of change of phase angle as a function of
frequency is a maximum. The amplitude and phase angle of the complex modal
coefficient is defined by the location, diameter and orientation of the circle.
This method assumes a single degree of freedom. No attempt is made to curve fit a
Laplace mocel to the data. Damping may be estimated by the circle fit technique
originally developed by Kennedy and Pancu. (Ref. 6). Recommendations: This
method may be used on systems that are relatively lightly damped and that have
modes that are only weakly coupled in the range where one mode is predominant.

The actual curve fitting procedure must be an interactive process.

Least Squares

Eigenvalue solution using least sgquares complex exponential algorithm in time
domain—Another parameter estimation technique is the least squares complex
exponential algorithm which solves the impulse response form of the multiple-
degree of freedom equations. The equations are non-linear in 4 unknowns and an
iteration process is used to obtain a solution. The algorithm searches all
measurements in the declared frequency range and constructs a composite power
spectrum from the frequency response functions. The least squares error as a
function of number of degrees of freedom is then printed out. From this, an
estimate is made of the number of modes to input into the algorithm. Additional
or "computational" modes are carried to compensate for noise or distortion in the
data. A set of eigenvalues is then generated for each mode being carried in the

frequency band.
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Eigenvector solution using least squares in the frequency domain-With these
fixed sets of eigenvalues, the partial fraction form of the equations in the
frequency domain are then solved for the other two unknowns, the complex
eigenvectors, tfor each measurement. The whole process is an automatic one, with
the modal analyst having the option of accepting or rejecting the fit for any

measurement.

Recommendations: This method does a good job of fitting closely-spaced modes.
It has the difficulty fitting other modes in the same frequency band. It is
recommended for use on multiple degree of freedom systems in conjunction with the

curve-fitting technique described in the following section.

Eigenvalue and eigenvector solution using least squares algorithm in the
frequency domain—Another parameter estimation technique 1is to obtain the
eigenvalues and eigenvectors by solving the partial fraction form of the non-
linear equations in the frequency domain by least squares method. The process is
iterative and all four modal parameters are updated with each iteration.
Starting estimates of all four parameters for each mode may be automatically
generated by the system or entered by the modal analyst at the terminal. The
process is interactive allowing the analyst to add or drop modes, select the
number of interations, and select the type of residual function to fit the tails

of modes lying just outside the frequency band.

Recommendations: This method does an accurate, dependable job of curve-fitting
frequency response functions. It is recommended for use on multiple degree of
freedom systems in conjunction with the curve-fitting technique described

earlier in this section.
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4.4.2.2 Integration of Results

The current curve fitting computer programs operate on the data from a single
test run. During the entire ground vibration test runs with several different
shaker locations, force levels and accelerometer layouts are usually made. Inte-
gration of the curve fitting results into a whole airplane linear mathematical
model of modeshapes, frequency and damping is done intuitively. The most
important aids to the engieer in doing this job are the pretest analysis and the

frequency response function plots.

4.4.3 Data Display

4.4.3.1 Modal Data

The modal data can be presented graphically and in printouts of the residues
along with the associated frequency and damping values of each mode of vibration.
The graphics display can be in the form of animated mode shape displays of each
mode as seen in the display scope of the Fourier Analyzer system. This display
can be plotted showing undeformed and deformed positions for a permanent record.
Mode shapes can also be graphically displayed as delta functions or vectors
representing amplitude and phase at each measurement point on the airplane.
These vectors can be shown in animation on the display scope and can aiso be
plotted along with the complete cutline of the airplane. Again permanent records

of these vector plots can be made.

The printouts of the mode shapes are in matrix form with each row representing a

measurement point on the airplane and each column representing a mode. The
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residues are expressed as a magnitude vector and a phase angle in engineering

units.
4.4.3.2 Frequency Response Functions

Each frequency response functicn can be plotted in terms of its magnitude versus
frequency and also its phase versus frequency. Permanent records of these plots

can be made.
4.4.4 Measures of Confidence

Five measures of confidence in curve fitting are plausibility, wild points,
measured vs fit frequency response functions, modal confidence factor and gen-

eralized mass.

Plausibility is the experienced engineer's intuitive review of the modeshapes,
frequencies and dampings. The data is reviewed for reasonableness in terms of
prior airplane designs, development experience on the airplane under test and the

experiences during the measurement phase of the test.

Wild points are readily apparent in animated modeshape plots, provided the accel-
erometer layout is not too sparse. The rigid body modes of the airplane are
particularly good for spotting improperly installed or malfunctioning accelerom-

eters.
Comparison of the measured frequency response function plots with the frequency
response functions computed from the curve fit results is a good check on the

quality of the curve fitting.
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The modal confidence factor is a comparison of the curve fit modeshapes from
different shaker locations. It is a measure of the repeatibility of the data.
Note that a low modal confidence factor is to be expected where a shaker was
located near a node point; the mode was simply very poorly excited from that

point.

Generalized mass, although often referred to by investigators in the field, is
not really a very good measure of confidence. In this case we are talking of a
generalized mass matrix which is computed from a theoretically derived reduced
mass matrix at the test measurement points, m, and from the matrix of curve fit
modeshapes, ¢. The generalized mass is computed as:

M= ¢T m ¢.

The judgment usually made is to compare the size of the off diagonal terms with
the diagonal. The ambiguity is in the lack of a metric to judge the quality of
the generalized masses. If the off diagonal terms are several orders of
magnitude below the diagonal then obviously the modes are mass orthogonal. If
the off diagonal terms are of the same order of magnitude the modes are
definitely not mass orthogonal, and the process is in error somewhere. However
frequently the generalized mass falls between these two cases and no clear

guidance is given.
4.4.5 Modal Analysis Software Systems
The state of the art in modal analysis software systems is developing rapidly.

The manufacturers of modal analysis hardware systems offer modal analysis soft-

ware packages with their equipment. Since the equipment is based on general
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purpose minicomputers, the user and the researcher may augment this ensemble with
more advanced software of his own. One such package is that developed at the
University of Cincinnati and the University of Luven. A copy of this package is

delivered to the Air Force under this contact.
4.5 Foliow-0On Activities

Feedback into the airplane design loop is the end product of a ground vibration
test. The most frequent feedback mechanism is verification and modification of
the mathematical model of the airplane. Less frequently (in the United States)
the mechanism is the creation of a mathematical model of the airplane directly

from test data.

A-45




5.0 GENERAL GUIDELINES

5.1 Common Problems

5.1.1 Friction

The friction between structural components/fixtures is present for most GVT
tests. For riveted structures, this situation is accepted and is similar in

structures of similar design.

Friction in nacelle engine mounted systems has been of considerable interest with

engines mounted on wing pylons and must be tested with variable force amplitude.

Control surfaces often have variable friction and break-away forces that must be
dealt with careful?y.\ Power actuated controls must be tested with power-on to

determine working frequencies and transfer functions.

5.1.2 Free-play

Free-play in control surfaces must be carefully treated. First, measurements
must be made with and without power to determine static free-play and bring
within tolerance. Then vibration tests must be conducted with frequency-
ampiitude studies to determine the effect of free-play on the dynamics of the

surface.
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5.1.3 Damping

Structura) damping values are usually determired for each resonant condition of
the airplane in the GVT. These measurements may be made at several amplitudes of

excitation to determine the amount of non-linear effects on damping values.

5.1.4 Airplane Asymmetries

Considerations must be made to configurations where asymmetric loading takes
place. This could be from internal equipment placement or for combinations of

external stores.

5.1.5 \Closely Spaced Modes

Closely spaced modes are those which are sufficiently close in frequency and
overlapping in off resonant response that separation of these modes into fre-
quency, damping and modeshape is not readily accomplished. Two measures may be
taken when the online frequency response functions or the pretest analysis
indicate closely spaced modes are a problem: 1) take an additional data set with
a long pure random record so that fine frequency resolution may be achieved in
the neighborhood of the closely spaced modes via zoom transforms. A reference
accelerometer frequency response function may be checked in real time using a
hardware zoom unit, which will assure that sufficient frequency resolution has
been acquired so that the closely spaced modes may be resolved during curve
fitting. 2) a second measure that aids in separating modes is to repeat the
single point excitation at several locations. This aids because modes which

appear to be closely spaced on frequency response functions from one excitation
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often will be much less coupled on frequency response functions from another

exciter location.

Given a comprenensive set of measurements (i.e. frequency response functions for
all accelerometer locations and shaker locations with adequate frequency resolu-
tion and signal to noise ratio) most closely spaced modes may be separated during
the analysis phase of the test. This analysis will involve using data from
several different accelerometers and different exciter locations, possibly in
linear combinations, and attempting curve fitting by several multiple degree of
freedom approaches, perhaps with many different signal conditioning processes.
Zoom transforms will be used as necessary to achieve frequency resolution.
Although this iterative process may be just as time consuming as modal tuning, it
is substantially less costly because it is performed off-line by one person on a
computer whereas the modal tuning is done during the test time. occupying the

test airplane, all the test equipment and the full test crew.

5.1.6 Strut Mounted Wing Engines and External Stores

Nearly identical repeated subassemblies on the wing give rise to closely spaced
modes, for which approaches are suggested in sections 5.1.5. A second problem
arises with nonlinearities in engine and external stores. Usually the non-
linearities are mild enough that they may be averaged out, and documented in
separate testing as necessary. A third problem is in repeatibility of bomb
installations. Special care must be taken to insure that the bombs are hung the

same every time, and that free play and friction are absolutely minimized.
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5.1.7 Hydraulic Pressure Source

A hydraulic mule is usually used to provide hydraulic pressure to the airplane
during a grounc vibration test. The mule interferes with the test in two ways:
1) pressure pulses are transmitted from the pump in the mule into the airplane
through the hydraulic tubing, and 2) acoustic noise from the mule exciting the
airplane. Two approaches to this problem are suggested. The first apprcach
eliminates the problems due to the hydraulic mule. This approach is applicable
if the airplane hydraulic system requires only low flow rates while data is being
taken. This approach is to charge a large accumulator, perhaps 50 gal., before
the data run, then isolate the mule out of the system with an appropriate set of
valves, turn the mule off and utilize the accumulator as the pressure source

during the data run.

A secona approach must be used if flow volume beyond the accumulator capacity are
required. The mule will have to be used as the pressure source. The pressure
puises are attenuated by placing an accumulator in the output line from the mule,
as close to the mule as possible. The accumulator should be tuned to remove the
major component of the pressure pulse. The acoustic transmission is minimized by
placing the mule outside the hangar. If this is not possible, completely

surround the mule with acoustic isolation material.

5.1.8 Local Mode Response

The accelerometers located near the shaker in a single point excitation will

sense the local modes as well as the global modes of the airplane. If the primary

objective of the test is measurement of global modes, as opposed to local, the

A-50




' R ———— |

best signals for this purpose will come from the accelerometers on the symmetric
other side of the airplane from the shaker. Their signals will contain very
little local mode motion. For global modes heavily instrument the opposite side
of the airplane from the shaker. For local modes heavily instrument on the same

side of the airplane as the shaker.

5.1.9 Landing Gear

Occasionally it is necessary to shake the landing gear. These tests are run with
the gear down and locked and the airplane jacked so that the wheels do not touch
the ground. The dynamic characteristics of the gear, as installed on the
airplane, are desired. This test is difficult because the landing gear contains
a number of nonlinearities, some of which are not very reproducible.

The large number of joints in the landing gear are the source of free play and

The free play must be preloaded out as much as possible. The friction effects

friction. When the gear is cycled the free play and friction do not reproduce.
may be mapped by testng at several different force levels. This should include
E the lowest possible force level, which will minimize the effects of free play and
: friction. To control the effect of the oleo strut it should be either preloaded

; with a suitably high strut extend pressure or overfilled with oil.
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5.2 NOTES

5.2.1 Safety - People

Since some of the accelerometer locations are well above the floor, crew stands
must be used for access. These stands must meet standard aircraft safety codes
with railings around all platforms and mechanical locks for hydraulic jacks.
Personnel must use harnesses whenever they are working on the wing, fuselage or

tail surfaces that are securely tethered to prevent falling.

5.2.2 Safety - Airplane

A1l testing is accomplished with a defueled and purged fuel system. The aircraft
must be securely mounted, if normal landing gear is not used for support, with
adequate safety precautions. Stands that are to be used for vibrators must be
sturdily built and secured adequately to preclude damage to aircraft. Powered
control surfaces must be locked adequately before attachment of vibrators to

prevent inadvertent control motion.

5.2.3 Force Level Selection: A-10 Test Experience

Several excitation force levels were used during the demonstration A-10 ground
vibration test. The best signals in the A-10 test were achieved at 5 pounds RMS
(3-40 Hz bandwidth) on most main surfaces and at levels as low as .2 pounds RMS
on control surfaces. At these levels there is very little visible motion on the
airplane, and the test crew must be very watchful that a test observer does not

touch the airplane and inadvertently degrade the data set being taken. Part of
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the rationale that the lowest force level that gives good signals is desirable

for determining linear mathematical model characteristics is:

1. The blocking and shimming used to restrain control surface and other free
play is more effective at lower vibration levels.

2. Free play in many control surfaces, landing gear uplocks and other components
remains preloaded out via gravity resting the component against a stop,
provided the vibration level is low enough.

3. Non-linear springs usually exhibit more nearly linear characteristics at low
vibration amplitudes.

4, Hydraulic actuator feedback mechanisms often have a dead banc; therefore the

chance of undesired feedback is minimized at low vibration amplitudes.

5.3 Equipment Portability And Var Installation

For portability the test equipment should:

1. Be modular with components small enough to be handled by one man

2. A1l equipment interfaces must be via standard specification interconnects
(e.g., IEEE 488-1975 specification for digital data bus)

3. Pieces of equipment that perform identical functions must be interchangeable

4. Reliable high quality connectors must be used

For a van installation the following additional requirements are suggested:

1. A1l equipment be rack mountable

2. All racks installed in the van be shock mounted
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3. Equipment racks be located in the van to give adequate rear access
4. Adegquate space provisions be made in the van for cable runs
5. Air conditioning in the van be sufficient to remove the maximum design
electric power coming into the van plus 100%F exterior temperature. Heating
should be sufficient for O0°F exterior temperature and no electronic
equipment operating.
6. All equipment should be adequately durable to withstand both the operating
and the van transport environments, especially with regard to
-vibration
-dust
-temperature
-humidity
Note that many items of equipment which are suitable for use in a laboratory
or computer room are not suitable for field use in a van.
7. A voltage isclator should be installed in the van input electrical power

line.
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6.0 GVT SOFTWARE

This section contains a users manual and software listing for the ground vibra-
tion test computer programs furnished to the Air Force by the University of
Cincinnati under this contract. This software is operational on the Hewlett-

Packard 54518B.
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6.1 Users Manual
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UCME/KUL
MODAL ANALYSIS
SYSTEM

5454C WITH HPIB

VERSION
4/21/80
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This Modal Analysis System software is a ‘HP S4SiC
contributed program which allows one to perform a complete
mnodal analysis of a mechanical structure with the vse9f the
S454C hardware and the University of Cincinnatti / Unidersity
of Lueven software. This system takes advantage of the\ 5454C
hardware (with a few exceptions) to make the necessary
measurements to define a structure’s modal parameters; J‘ﬂ
addition, special software has been included in the form! of
S45iC User Programs which enable one to extract the nodal
parameters from measured data, ovtput these resvlts in printed
form, and obtain animated displays of the structure’s modes of
vibration.

This document gives a detailed decsription of the Modal
System and its operation. For best results, it is recommended
that the user read and understand this entire document before
attempting to operate the system. If this is done, one will be
able in a short time to take advantage of the fvll range of
system capabilities and to overcome any operational
difficulties which may arise. In chapter 8 there is a “canned”
step by step example of processing a given set of measuvred
transfer functions to extract the modal parameters.
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2.1 HARDWARE REQUIREMENTS

S94%54C Base
2648

System which includes:
terminal

7900 disc
&4K memory

2.2 HARDWARE OPTIONS

2631A
26346
2748E
28958
7210
872K
7245B
7970
Option
Option

Option
Option

Line Printer (HPIB)
Line Printer (HPIE)
Photoreader
Paper Tape Punch
Digital Plotter
Digital Plotter
Digital Plotter
Magnetic Tape
600 S440A Mainframe
620 S4420A Digital to Analog
converter
640 S4440A Low Pass Filter
670 SA4470A PreProcessor
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2.3 USER PROGRAMS

User Program 0088 --- Data Annotation

User Program 0090 —-- Test ID & Setup

User Program 0009 ~--~— Modal Program

User Program 0040 --- Hardware Zoom Setup (option 670)
User Program 0045 --— Zoom Measurement Program

User Program 0100 -~- Filters (option 640)

e e -
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2.4 DATA SPACE REQUIREMENTS

There are two coreloads located on the modal disc. The
first coreload contains the modal software (Y90,Y9) for
extracting the modal parameters from the test data. The second
coreload contains a modified S454C operating system.

The first coreload (coreload 0) is uvsed in conjunction
with overlays stored in file 8 on the disc. The amount of data
space available in the Modal System is determined when the
Fourier system together with the largest overlay (overlay 10)
is first excuted. The maximum block size that can be stored to
the disc is 1024.

During the operation of the system, some or all of the
total data space available will be allocated by the Modal
System (in the K 0 command of the Data Setup section which is
vsuvally performed first) for storing system parameters, modal
coefficients, and data for the animated mode shape displays.
The Modal System allocates space for these items in terms of
time domain, (block size 1024) data blocks required tc perform
the most important Modal functions. Storage #ay take from one
to four BS 1024 data blocks, depending on tne number of
structufte test points entered when the K 0 Data Setup function
is perforned. The number of blocks required to store modal
coefficients may be computed as follows:

N B

- -

3 X No. of Modes X No. of Points
Number of Blocks ® -~———c-eecrrmcm e rcrcn e cn e o
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Therefore, if storage for 10 modes and 150 points was
desired, the system would require

3 X 10 X 150

data blocks for storing modal coefficients.

Based upon the maximum number of test points, the data
space for modal coefficients will be allocated and the maximum
number of “modes per session” calculated. If mode shape
information for more modes is regquired, the process of
parameter estimation of the test data will need to be repeated.

The system always considers block 0 and ¢ to be
“available" gince the data arrays they contain can be recreated
if the other system blocks are intact. These "available"
blocks may be vsed in normal S451i operations without affecting
the parameters stored by the Modal System in upper data Sspace.

2.5 DISC SPACE CONSIDERATIONS

The Modal System uses a data arrangement for the HP 7900
Disc which allows disc data records 0 through 8i9. Of these
records 0 through 750 are typically used for data (transfer
functions), and 75f{ through 799 are vsed for storing modal
parameters and setup information from User Program Y 9. Test
setup information from Y 90 is stored in disc file 7 records 1§
through 19, file 7 records 20 to 39 can be vused to store
variable parameters for uvse by the S451C measuvrement coreload
(coreload .
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2.6 FOURIER KEYEOARD FUNCTIONS

With minor exceptions, all Fourier System keyboard
functions contained in the Modal System coreload (coreload 0),
perform in exactly in the same manner as the standard 5451%
enviroment (see the 545iC Operating Manval). The basic
differences are that there are no "Gold Key" functions, i.e.
no variable parameters and the graphics commands must be
implemented vsing the Y S800 series vser programs.

The second coreload contains a standard 545iC operating
system with some modifications so that it is compatiable with
the modal software. The differences include: 1.) there is no
overlay swaping capability 2.) the data headers have been
rearranged 3.) the maximum block size that can be stored to the
disc is 41024. The S4SiC coreload has buvilt in, User Programs
5,6,88,100, the digital to analeg converter (DAC) and the
hardware Zoom (optien 670).

2.7 MODE SHAPE PROGRAMS

User Program 0009 is the software which centains the
operational logic of the Modal System. This program is entered
from the Fourier System in the same way as a standard User
Program -~ that is, by entering * Y @ " on the keyboard or
terminal. Once the program has been entered, there are a
variety of mnemonic commands available which direct the system
to perform various functions. Most of the rest of this manval
discusses this structure and the uvses of each of the commands.

Within Y 9 there are three monitors, and each monitor has
associated with it a set of available commands. The monitors
in the Modal System are as follows:
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data in turn.

needed.

1 Functionally, the Modal System can be broken into four
sections, each of which is described in detail in a seperate
section of this manval.

2.7.4 Data Setup Section

Using the appropriate commands, the details of the test
setup, a spatial description of the structure being tested, and
the order in which the structure’s points are to be displayed
(display sequence) are entered into the system.

2.7.2 Parameter Estimation Section

This section allows the user to identify the modal

DATA SETUP AND DISPLAY MONITOR -- " % " MONITOR

CONNECTIVITY MONITOR —-=—wm—oow—— * C " MONITOR

CIRCLE FIT MONITOR --——c-——me——o- * D * MONITOR

The characters (if any) associated with each monitor are
the characters printed on the terminal after a user-entered
command has been executed. They signify that the system is now
waiting for @ new user command to be entered.

Once the program has been entered, you interact with the
system through the system terminal or Fourier Keyboard. You
communicate to the system by entering commands, parameters, and

The system communicates with you by printing out

messages, warnings, parameters, and data as requested or

paraneters (frequency, damping and complex coefficient) of up
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to 40 modes from the frequency response data, print the list of
parameters for inspection, and save the resvlts of this process
to the disc. This process may be performed on measurements
taken in any of three directions at as many as 250 structure
points.

2.7.3 Data Display Section

Using the data accumulated in the Data Setup and
Acquisition Sections, you may constryct an animated display of
the test structure’s modes of vibration. In addition, the
animated modes of individuval structural “components" (see
section 3) may be displayed separately for closer examination.
You also have a wide variety of commands available which
control such items as the size and position of the display and
the amplitude and speed of the animation.

2.7.4 Data Fresentation Section

Once a display has been calculated and displayed on the
5440 display unit, a plet can be initiated to the 2648A
terninal, 7240 plotter, 9872 plotter, 724S plotter, or a raster
dump from the 2648 terminal to & 2634G line printer. Display
of ASCII text to the S4460 display vnit is also available for
use in movie or video tape. After the necessary frequency
response measurements have been made on the test structure, the
above four sections of the Modal System enable you to perform a
complete mnodal analysis of that structure.

The above four sections of the Modal System are set vup to
rvn in a dynamic overlaying environment. In other words, if an
operation is requested that is available in only one of the
programs, that program (in overlay form) will be loaded and
execvted. To accommodate this feature, the 13 required
overlays (out of & total of 14) must be loaded into the disc in
order, and the largest overlay (10) must be executed first
allowing the data space to reallocate. Thereafter, any other
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overlay could be loaded but data space must not be reallocated.

2.8 SYSTEM INITIALIZATION

When the Modal System is entered for the first time, it
will automatically perform some initialization (further
initialization is performed during a K 0 command). Once the
initialization has been performed, it is never performed again
tin npormal operation) unless the original software is reloaded
into memory, the initialization is then performed when the
first " Y 9 " call is made after each such reloading.

2.9 SYSTEM BLOCKSIZES

When the Modal System is entered by the call " Y 9 " the
system records the current blocksize (denoted “external
blocksize) and then operates from an "internal blocksize" which
is dependent upon the section of the program being vsed. These
blocksizes are determined as follows:

——c—s an. -

? DATA SETUP SECTION ---=-===-- “INTERNAL" BS = {024
i DATA AQUISITION SECTION ----~~ *INTERNAL " BS = "EXTERNAL" BS
DATA DISPLAY SECTION ---—=—=- “INTERNAL" BS = 1024

The "internal” blocksize of the Modal System may not be
changed.

When the program is exited normally (that is, by using

A-73

’ . Cg e mee

| o e — - . e




*'-""‘““'"--u-n----q‘

commands) the external blocksize is always restored. If the
program is aborted by pressing "RESTART"™ on the keyboard, the
blocksize resulting will be the "internal" blocksize.

In general, before entering the Modal System, it is
advisable to set the blocksize (using the Fourier "BLOCKSIZE"
conmand) to the value desired for the test. With this version,
the measurements will be made vsing the S4S4C software in
caoreload §, rather than the Modal System software in coreload
0. Consequently the block size normally uvsed in the Modal
System software will be 41024,

' 10
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3.4 Overview

There are two phases;of the Modal System setup. A test
setup vsing User Program Y 90 and a data setup vsing Y 9.

3.2 User Program Y 90

This program is a vtility program written to handle
operations connected with the modal package that dve to space
or convenience covld not be programmed elsewhere.

Three primary functions are handled within Y 90. The
first function is that of inputting test set-up information
that will be stored in the header with each data record stored
to the disc by User Program Y 88. The second function provides
three forms of run logs for a disc with data stored in the
format generated by Y 88. The third function is that of
correcting information stored in the header area of each disc
data record.

The program operates in a monitor mode as does the mode
shape programs. The prompt character generated by Y 90 is "@ *.
This character is written on the terminal and indicates that
the program is ready for the next command. Commands can be
entered from the Fourier keyboard or from the terminal.

To enter the program, overlay 0 must be in memory. At
bootup, overlay 0 is avtomatically brought into memory. If

i1
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sone other overlay is currently in memory a “"Mass Store” 38 0
ENTER, followed by a Mass store 48 4 Enter, will bring in the
correct overlay. With the correct overlay in memory a Y 90
command is entered from the Fourier keyboard or the terminal.
After the prompt character is printed, any of the commands
which follow can be entered.

J.2.4 CLEAR - CL

CL Ni N2 ¥k%k CLEAR BUTTONXXX

Ni = First record of disc file § data space to be
cleared (default valuve = {)

N2 = Last record of disc file { data space to be
cleared.

(If N1 is given, then N2 default value = Ni)

(If N{ is not given, then N2 default = 819)

When data is stored to the disc a header with test
information is also stored. This command resets one word of
the header so that the Y 88 program will know that the data
record is available for storing new data.

This command does not alter the data or the test setup
stored with the data. In case a record is accidentally
cleared, it can be "uncleared” with the /R (REPLACE) command
described later.
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3.2.2 KEYBODARD - K

K Ni N2 XXX KEYBOARD BUTTON XXX

o - -

This command is used to input the test setup information

Ni = 0 (default value)
Enter test I1.D. and date

Ny = §
Enter model number, serial number and calibration
of load cell and transducer(s)

NL = 2
Enter zoom information if zoom processing is used,
and test type (random or impact)

N2 # 0 (default valve)
Allows input of information required by part Ni of
this test setup.

N2 = 0
Initializes all infermation associated with that
part of the test setup that is specified by Ni.
Only parts 2 and 3 can be initialized by specifying
N2 = 0.

The calibration numbers for the transducers are stored as
real numbers. If the calibration numbers is positive it
represents a constant by which all data irn the block can be
scaled. If the calibration is negative it represents the disc
data record where the appropriate calibration curve is stored.
If the calibration is zero then no calibration is specified.
User Y 90 does not perform the calibration of the data.

The test 1.D. is comprised of 10 ASCII characters. The
I.D. shovld be left justified, i.e., do not enter spaces
before the first letter of the I.D.

13
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3.2.

Ni

Ni

Ni

3

LIST /L

Ni N2 N3 XX LIST BUTTON XXX

——— — — = v - —

Run log type 1, listing is in order of disc data
records between N2 and N3 that contain the test I.D.
and 2oo0m range specified. After the /L 1 command is
entered, the uvser is prompted for the test I.D. and
zoom range. If "ZA* is specified for the zoom range,
then all zoom ranges are listed. The Analog In (RA)
button is equivalent to entering ZA at the terminal.

Run log type 2, listing is in order of point numbers.
Shows data records between N2 and N3 that contain data
stored with test I.D. and zoom range entered by the
user. A specific zoom range between Z0 and 2S5 must be
entered. A negative disc record number indicates a
negative transdvcer orientation.

(defavult valve)

Run log cf all test I.D.’s and zoom ranges stored on
the disc between records N2 and N3.

Searches disc between records N2 and N3 for records
stored with the specified test 1.D. Each record is
checked for zoom range. The minimum frequency and
delta frequency for each zoom range is stored. After
all zoom ranges in records checked, are found, they are
printed out with mMminimum, center, maximum and delta
frequency for each range. If multiple frequency
information is found for any zoom range a warning is
printed for each record with the different frequency
information. Switch register bit 15 can be used to
supress the warning.

N2 = first record of search (defavult valuve = 1)

N3 = last record of search

i4
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(If N2 is given, N3 default = N2)

if N2 is not given, N3 defavlt = 819)

The output device is selected by the switch register (bit & =
line printer (HPIR device), defavlt = terminal). If the output
is @ line printer, then the number of lines per page is
adjusted for an 44 inch page. If the output device is the
terminal then a RESET PAGE command is sent to the terminal
before the first page is listed. The number of lines per page
is adjusted to just fill the terminal screen. If switch
register bit 0 is on then the paging feature is defeated and
the output consists of continuous lines with a single header at
the beginning of the list. Paging resumes when bit 0 is turned
off.

3.2.4 STORE - X

X>» Ni %x%xXx STORE BUTTON %Xx

Ni = Disc data record where test setup information will
be stored (default valuve = {9)

When setup information is entered using the K (KEYEOARD)
command the information is in computer memory only. The
STORE command stores this information in record Ni of the
disc data space.

3.2.5 LOAD X(

X< XXX LOAD BUTTON xxx

N{ = Disc data where test setup information has been
stored (default valve = 19).

—

1S
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This command recovers the test setup information from disc
data record Ni and places it in computer memory. BHefore
returning to the monitor mode the test I.D. and the 2:te are
printed on the output device.

3.2.6 PRINT - W

W Ni N2 N3 Akx PRINT BUTTON %k

NL = 0

Prints test 1.D. and date to the output device
specified by the computer switch register (bit L) or
default = terminal, bit 6 = line printer).

Ni =

Print out information entered through the KEYROARD i (K
1) command.

Prints out information entered through the KEYBOARD 2
(K 2) command.

Ni = (defavlted)

Prints put all test setup information entered through
The KEYHOARD command. Any section initialized and
containing no setup information will not be printed.

Ni = 4 N2 N3

This command prints out all test setup information
stored in the header area of record N2 if N3 is not
entered. If N3 is entered then just the information in
header word number N3 of record N2 is printed ovut.

As mentioned above, the switch register determines the
ovtput device. If bit 4 is turned on, then the setup is dump=d
to the paper tape punch. No output is made to any other
device. After punching out the tape, the prompt character will
be printed on the system terminal.

16
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3.2.7 SUBROUTINE -~ <«

< *xX SUBROUTINE RBUTTON XXX

- e -

This command cavses control to be returned to the Fourier
system.

3.2.8 POINT ~ /.

/. XXk POINT BUTTON Xkx

- — - — -

Ni = Point number to be searched for.

N2 = First disc data record to be checked
(N2 defavlt value = 1)

N3 = Last disc data record to be checked
(If N2 is given, N3 default value = N2)
(If N2 is not given, N3 default value = 8419)

This command searches data records N2 to N3 for data with
response point number Ni. When a record is found that has
1 point Ni, then the point number, regponse transducer

) orientation and the disc data record are printed ovut.

3.2.9 INTEGRATE - ¢

¢ Ni N2 xx¥ INTEGRATE BUTTON XXX

Ni = first disc data record to be checked
(N{ default valve = 1)

N2 = last disc record to be checked
1 (If Ni is given, N2 default value = Ni)
(If NL is not given, N2 defavlt valuve = 819)

17
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The program formerly uvsed to store data to the disc used
channels in the data space near the end of the data block to
store the test I.D., date, point number and transducer
orientation. This format is not compatible with the new nmode
shape program. The INTEGRATE command allows the user to change
the format by searching from record Ni to N2 for the date
stored with the old test I.D. ( The user will be prompted for
this information). These records are restored on the disc with
the new format vusing the new test I.D. entered through the
KEYBOARD 1 ( K 4 ) command, and pertinent information entered
through K 2 and K 3 commands. The date, point number and
transducer orientation are read from the old format and added
to the new format. Information concerning minimum and delta
frequencies Wwill not be stored with the data. These may be
added vsing the REPLACE command. Test type, load cell
information and exciter position and direction will be stored,
if entered. When a record is changed, the point number and
orientation are outputted to the terminal unless bit 1S of the
switch register is on, in which case, the program continues but
no output is printed.

3.2.10 PHOTOREADER - R

R *k%x PHOTOREADER BUTTON xxXkx

This command is used to read a punched paper tape of a
test setup. The tape must have been punched out using the
PUNCH (P ) command or the WRITE command with bit 4 turned on.
When this command is given, a pause is executed which halts the
computer giving the user time to load the paper tape reader.
When the reader is ready the user simply pushes the RUN button
on the computer.

The same action will regult if a KEYBOARD (K ) command is
given with bit S of the switch register turned on.

18
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3.2.114 PUNCH - P
P *%k PUNCH BUTTON XXX

- —  “n mee -

This command punches out a paper tape of the test setup.
The same action results if a WRITE (W) command is given with
bit 4 of the switch register turned on.

3.2.142 REPLACE - /R

/R Ni N2 XXX REPLACE BUTTON XXX

Ni = first disc data record where test setup information
js to be corrected. (Ni defauvlt value = )

N2 = last disc record to be corrected.
(If Ni is given, N2 defavlt value = N
(If Ni is not given, N2 default valve = 819)

This command is used to correct header information. All
records between Ni and N2 will be changed regardless of test

1.D. or zoom range. The information that can be corrected by

vsing this command is that which is independent of the

transdvcer. This wouvld be, for example, test I.D., zo0om range,

load cell information or frequency information. After giving
this command, the user may request a list of header word
numbers where changes may be made.

If this command is being vsed to *unclear® disc data
records accidently cleared vsing the CLEAR (CL) command, the

user should specify header word number 6. No further input is

required in this case.

A-83
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3.2.43 CONVOLUTION - CV

CV  Ni N2 XXXk CONVOLUTION BUTTON XXX

- e e e G -

Ni = first disc data record of search
(Ni default value = 1)

N2 = last disc data record of search
(If Ni is given, N2 defauvlt value = Ni)
(If Ni is not given,N2 defavlt value = Bi9)

This command is used to correct header information
associated with the response transducer. Disc data records Ni
to N2 are searched for either a transdvcer number (1,2 or 3) or
a transdvcer serial number. The only valid transducer numbers
are 1,2, or 3. If an invalid transducer number is entered,
then it is assumed that the search will be on a transducer
serial number which the user is then asked for. Each time the
correct transdvcer number or a transducer serial number id

found, the corrected information is placed in the specified
header word.

3.2.14 INTERCHANGE - X

X Ni N2 X% INTERCHANGE BUTTON xxx

- ons o - -

Ni = first disc data record of search
(N{ default valve = 1)

N2 = last disc data record of search
(If Ni is given, N2 default value = Ni)
(If Ni is not given, N2 defauvlt value = 819)

This command is used to interchange transducer
information. Disc data records Ni to N2 are searched for point
number and transducer number. The user must enter a list of
where and how the transducer information is to be reorganized.
For example, if the number of response directions is three then
three lines should be entered when asked for new and old

20
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transducer numbers. If the follewing were entered:

1, 3
2,
3, 2

Then the information that was stored where transducer
number 3 was, will be stored where transducer number { was.
Since the transducer number can also be interchanged, the above
numbers refer to the transducer numbers before the interchange
is performed.

The vser must also enter a list of header word numbers
corresponding to the information that is to be interchanged.
Word numbers 19, 47, 48, Si and 79 can be interchanged,
however, word Si (transducer number) specifies which data block
that data came from when user program Y 88 stored it, and
should probably not be changed.

Finally, the user must enter a list of point numbers that
are stored between disc data records Ni and N2. The method of
entering these point numbers 1s the same as for entering the
connectivity file in the mode shape program. Two numbers may
be entered per line (N3, N4). If N3 is not equal to N4 then
points N3 through N4 are added to the list begining with N3 and
ending with N4. If N4 is not entered, then only N3 is added to
the list. If N3 is less than or equal to zero then the list is
terminated. No editing of the list is allowed. The user may
then request a list of the point numbers. The point numbers
should be in the same order as they are stored on the disc.
This minimizes the amount of search time required to find the
needed data records.

The program starts with disc data record Ni and begins
searching for the first point number in the list. Each time
the correct point number is found, the data is checked to be
sure that the transducer number has not already been found. If
at any point in the search, an error is found invelving a
particvlar point number, an error message is printed out giving
some information as to the type of error and the point number
is skipped, 1i.e. the headers are not altered. These points
can be looked at later to determine why the error occured.
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Errors that can occur are:

1) A point at either end of the search range may not
be entirely within the range which means that fewer
directions than the number of directions specified
will be found.

2) The point may have been repeated within the search
range resuvlting perhaps in the same transducer number
being found twice.

3) The transducer number may not be a valid number
(4, 2 or 3.

If a point is repeated within the search range, either
enter that point in the point number list each time it is
repeated or omit it and go back later using a search range that
covers only one of the sets of data at a time. Otherwise, only
the first occurance of that point number will be interchanged.
When the search reaches later occurances of the point number,
it will be searching for other point numbers and nothing will
be done to these.

3.2.15 SWITCH REGISTER OPTIONS

DUTPUT CONTROL
Bit 0 - continvous run log output, no paging
Bits 3-8 are checked, lowest numbered bit that is on
sets logical unit number of ovutput device. Defavlt
(no bits on) sets logical unit number to 1
(terminal).
Bit 4 - punch

Bit 6 — line printer
INPUT CONTROL
All information is inputted through the Fourier System

keyboard or the terminal except for when reading a
punched paper tape of a test setup.

a2
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Bit S - photoreader input.

PROGRAM CONTROL

Rit 14 - exits from certain portions of the program:
(/R, X , CL, /L, W , CV, /)

Bit 1S - supresses print out during run logs and integrate
command. Print out resumes when bit 1%
is turned off.

Before entering the monitor mode bits 4, S, 14, and 15 are
turned off if found to be on. Bit 0 is turned off after any
run logs.

3.2.16 HEADER WORD NUMBER INFORMATION

The following may be corrected vsing the REPLACE (/R) command.

WORD # USAGE

ASCII STORAGE AREA

10 TEST 1D

24 EXCITER ORIENTATION
26 DATE

30 TIME

34 DATA TYPE CODE

36 200M RANGE

INTERGER STORAGE AREA

45 RESPONSE POINT NUMEER
46 EXCITATION POINT NUMEER
49 LOAD CELL MODEL #

S0 LOAD CELL SERIAL #

REAL STORAGE AREA

75 MINIMUM FREQUENCY
77 DELTA FREQUENCY
23
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The following may be corrected vsing the CONVOLUTION (CV) or
h INTERCHANGE (X ) command.

WORD & USAGE

ASCII STORAGE AREA

19 TRANSDUCER ORIENTATION
INTEGER STORAGE AREA

| 47 RESPONSE TRANSDUCER MODEL #
48 RESPONSE TRANSDUCER SERIAL #
Si RESPONSE TRANSDUCER NUMEER

REAL STORAGE AREA
79 DATA CALIERATION OR RECORD #

3.3 USER PROGRAM Y 9

The Data Setup Section of the Modal System is entered by
typing " Y 9 " on the system terminal. The program will then
respond by printing a " X " on the terminal, signifying that
you are currently operating from the " X " monitor.

3.3.14 STRUCTURE DESCRIPTION

Knowing how to describe the test structure to the system
in the Display Setup Section is of the uvtmost importance in
obtaining meaningful displays of the analysis results. )

The Modal System allows you to describe a test structure
in terms of up to 10 component coordinate systems, each
component sys<tem having its own origin and orthogonal
orientation with respect to one global coordinate system. Once
these component systems have been defined, all structure
measurement points may be described relative to these systems.
Furthermore, points may be described within the component

24

A-88




coordinate systems in either rectangular or cylindrical
coordinates, following certain guidelines discussed later.

To enter the data setup mode, a command is entered from
the Fourier Bystem or the terminal. The Modal System is
entered and a program will respond with an " X " prompt being
typed on the terminal. This indicates that it is in the
monitor. The Data Setup mode is then called by the following
commands:

3.3.2 KEYBOARD - K Commands

K Nt Xk KEYBOARD XXx

The basic procedure is as follows. Using the “KEYROARD"
button, the sequence required for setup is:
K 0 Test Setup Information
K 4 Structure Components

K 2 Structure Coordinates

K 3 Structure Connectivity

K 4 Modal Coefficients

After each of the commands, questions or input will be
required as explaned in the following sections.

Ni =0

The test ID, date and number of test points are
requested, The maximum number of modes to be analyzed
per session will be calculated. A request to clear
data from a previous setup (components, geometry,
connectivity, and modal cecefficients) or only the
current modal coefficients is made.

2%
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NL = 1

NiL = 2

NL = 3

] 7

Test 1D = ten characters
Max. test points = 2510
Max. modes = {0

Max. # of components = 10

The X/Y/Z coordinates of each component origin with
respect to the global system must be inputted (X,Y,Z).
The orientation of the component coordinate system axis
with respect to the global system axis (IX,1Y,IZ) and
the code for rectangular or cylindrical coordinate
system (IC) is also inputted.

The code for inputting the orientation of the component
coordinate system axis is used to determine the
direction of the x, y, z axis in the component system
with respect to the global system axis. A plus or
minus one, two, or three is inputted for the x, y, z,
axis respectively. For example, if the y axis of the
component runs in the +x direction of the global
system, then a +1 is entered for 1IY. If the 2z axis of
the component runs in the negative y- direction of the
global system, the 1IZ = -2 etc. The use of direction
cosines in not allowed.

The code for the type of coordinate system is one ()
for rectangular and zero (0) for cylindrical.

The point number, x, y, z, coordinate of the point, and
the component number is inputted for each point. A
zero or negative entry of the point number will
terminate the entry. To change a point or to edit,
simply reenter the data for the desired point.

This is the input for the connectivity of the

26
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Ni = 4

structure. Duve to the complexity of this input, the
next section describes this input.

This is the modal coefficient input and output command.
The mode number, point number, and x, y, z, deformation
and phase angle valves can be inputted.

The data inputted during the keyboard entry can be
printed ovt with the print command from the display
monitor.

As an example of how the points on a struvcture may be
spatially described to the system, let vs consider the
structure of figure III-1 and assume that we wish to
describe this structure in terms of two components
systemns, one for the "box" and one for the “cylinder".
Let us also assume that we wish to describe to the
system the spatial locations of the points marked "PT
1" and "PT 2" in terms of the two component coordinate
SYStems.

We must first tell the system the component origins in
rectangvlar coordinates (X,Y,Z) With respect to the
global origin and the global axes. The origin of
component system { is thus determined to be (3,0,2),
while that for system 2 is (4,1,1).

27

A-91

N < wee




A

~
~
S
Yo -——————-—-
l.l.l
1t
04039015 389}

~
“““““““mmm_nmn— < |
. =1
(i) 12 wayshs
UaLuduo) Jo uyblag Vv

uoL3LUL3Q WIYSAS Juduodwo) 30 ajdwex3 - (-LL1 34nbi4

(0°€*2) :14 woysss
Juauoduo) jo upbya0

-~

-

\
\

wd3sAS
djeuipaoo) |reqoly

Q——-~~~~—---—'~~—{

A-92




Next it is necessary to describe the component system
axis orientation with respect to the global system
axis. All component axes must be co-linear with any
one of the global axes so that only three variables are
needed to describe the orientation for each component
system these variables are denoted IX, IY, and IZ.

Each of these variables is either +1, +2, or +3
depending vpon which glcbal axis direction coincides
with a particular X, Y, or Z component positive axis
direction. The convention for determining IX, IY, IZ
is easily established by considering the two sample
components. For component system i, the component
positive X axis is in the global positive Y (+2)
direction (IX = +2), the component positive Y axis is
in the global positive Z (+3) direction (1Y = 43), and
the component positive Z axis is in the global positive
X (+1) direction (IZ = +4). For component system 2,
the component poesitive X axis is in the global negative
X (-1) direction (IX = -1), the component positive Y
axis is in the global positive Z (+3) direction (1Y = +
3), and the component positive Z axis is in the global
positive Y (+2) direction (IZ = +2).

Now that the component information for this structure
has been completely specified, it necessary to enter
the coardinates of each point on the structure relative
to the components. Any combination of points may be

defined to be on any component -- it is most useful,
however, to define points lying on a complete physical
"substructure” to be on the same component. In our

example, therefore, it would probably be most vseful to
consider points on the "box" in component ., and points
on the "cylinder” in component 2.

The coordinates of each point within a component system
may be described in either cylindrical or rectanguvlar
coordinates, depending uvpon which description is most

natural. (The “coordinate type" is a variable that
must be given along with the coorinates for each
point). Considering our example, we see that the “box"

part of the structure is most naturally described in
rectangular coordinates, while the “cylindrical" part
of the structure is most naturally described in
cylindrical coordinates. Therefore, when describing
points on these structure components, we would probably
vse the corresponding coordinate types for ovur
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description. When cylindrical coordinates are to be
used, the following two rules apply:

1

The Z axis of the cylindrical (r, theta, Z) system
shovld coincide with with the Z axis of the
system.

2)
Angle Convention:

Component X axis: theta = 0 degrees

Component Y axis: theta = 90 degrees

Therefore, positive theta is determined by use of
the “"right hand rvle".

4 Using the above conventions, the coordinate data for two points
of interest may be easily described. Point §{, on structure
component i1, is described in terms of component coordinate
‘ system 1 and rectanqgular coordinates, so that (Xi, Yi{, Zi, IC1)
ﬁ = (41, 0, 2, £ ) ... (IC, the coordinate type variable, is (0)
. for cylindrical and (i) for rectangular Coordinates).
Similary, point 2 on component 2 is described in cylindrical
coordinates as ( r2, theta 2, 22, 1C2) = ( 0.5, 45, {, 0 ).

For display purposes, it may at times be vseful to define the
component origin such that the structure is " broken apart".
For example, if the origin of component system 2 in F.gure III
-3 had been defined to be at (4, 1, 3) rather than (4, {, 1),
the cylindrical portion of the structure would be seperated in
the Z direction from the rest of the structure on the display,
and the "hidden" corner of the "box" would now be visible.
This is simply done since the structure of the Data Setup
Section allows the component origins and all other structure
information to be altered at any time.
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3.3.3 FLOATING POINT DATA

In the Data Setup Section, floating point values entered for
the test point coordinates are stored in a data "block floating
point” form in a system data block. 1In the Data Acquisition
Section, floating point modal coefficients are also stored in
"block floating point" format in system data blocks. This
floating point representation increases the system capability
compared te a simple integer representation, but has
limitations of which you should be aware when operating the
system.

Figure III-2 demonstrates the inherent limitation of the
system’s data block floating point number storage. Test point
coordinates ranging from i1 to 10000 were entered into the
system (as an extreme case), and were in turn stored by the
system in one of the system data blocks. Dve to the fact the
scaling of this data block is determined by the largest number
it contains, it can be seen that the smaller numbers suffer
greatly in accuracy compared to the larger numbers. For
example, the number 10, three orders of magnitude smaller than
the largest number in the block, has incured a 1% error in this
representation and becomes 9.94. Smaller number fare even more
poorly.

A reasonable ruvle of thumb is that the coordinate file and
the modal coefficient file should differ within the file from
the largest to the smallest by no more 2 or at most 3 orders of
magnitude to retain full calcvlational accuracy.
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PT CORRDINATED COMP ENTRY ERROR/ENTRY
i .58 .58 .58 i 1 4 2E-1
2 1.75 1.75 1.7% i 2 1 . 2E-1
3 4.67 4.67 4.67 1 S 6. 6E-2
4 ?.91 9.91 9.94 1 10 9.0E-3
S 19.83 19.83 19.83 i 20 8.5E-3
6 49 .57 49 .57 49 .57 i S0 8.6E~-3
7 99 .73 97.73 99.73 1 100 2.76-3
8 199 .45 179 .45 199 .45 i 200 2.7E-3
9 499 .80 499 .80 499 .80 i So00 4 0E-4

10 999.59 999 .59 999 .59 i 1000 4 1iE-4

i1 1999.77 4999.77 1999.77 i 2600 i.2E-4

12 4999.14 4999.44 4999 44 1 S000 1.76-4

13 9999.45 9999 .45 9999.45 1 10000 S .SE-S

Fig. 1III-2 Example of Floating Point Number Storage

3.3.4 DATA SETUP SECTION -- Command Summary

There are five "files" which may be edited and listed
vsing the commands in the Data Setup Section:

File 0 : Test Setup Information
File § : Structure Components
File 2 : Structure Coordinates

File 3 : Structure Digplay Sequence
(connectivity)

File 4 : Modal Coefficients
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3.3.% Data Setup Section -— Display Sequence File

The Display Sequence file is a sequence of numbers, each
of which represents a point on the structure. The sequence
specifies the order in which the structure points are to be
displayed and how they are to be connected together (blanking
on or off).

Let vs consider the simple plate structur= of Figure
I11-3a. After describing to the system the locations of the
four points, we now need to decsribe to the system how to
display the points. We therefore wish to start at point {
(arbitrary) and draw a solid line through points 2, 3 and 4,
and finally a solid line from point 4 back to point 4. The
simplest display sequence which will accomplish this is:

Sequence Point
i i start at point 1§
2 2 s0lid line to point 2
3 3 solid line to point 3
4 4 s0lid line to point 4
S S s0lid line to point {

The display will cycle through this display sequence in
the manner shown to produce a display like that of Figure
I11-3b (identical to that of Figure III-3a).
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If it is desired to "blank® the beam from, say, point 2 to
point 3, and from point 4 to point i (leaving horizontal lines
only) the display sequence file would be:

Sequence Point
1 i start at point 1§
2 2 s0lid line to point 2
3 -3 blank to point 3
4 4 solid line to point 4
S -1 blank to point {1

Note that, to blank the beam, the end point of the
blanking is negative. The display for the above display
sequence file would be that of Figure III-3c.

When constructing a display sequence, it is suggested that
the following three rules be followed:

1)
If possible, close all possible sequence loops
explicitly within the display sequence. If this is not

done, confusing displays may result (the deformed and
undeformed structure displays may be

2)

Points on the same component should be “grouped
together” in the display sequence file, if possible.

3)

The first point of a component should always be blanked
to give correct partial displays by component.

The fact that structvre components can be displayed
individually (see Chapter S) must be taken into account when
constructing a display sequence file, and adding "dummy" points
may be necessary to obtain correct displays in all cases. For

35S
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example, consider the "T - Plate" of Figure III-4a, defined by
8 test points. Let us assume the display sequence for the

T-Plate is as follows:

Sequence

e OoOVODNCNIDWN M

[V

Point

-6

1

2

3

4

S

é

7

8

3

6
v

gt

A-100
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Let vs also assume we wovuld like to consider the T-Plate
comprised of two components, one for the horizontal plate and
one for the vertical plate. We therefore define points §{ ~ 6
to lie on component L, and points 7 and 8 to be on component 2.

When both components § and 2 are displayed, the desired
display of Figure III-4b resuvlts. However, when only one of
the two components is displayed, the display sequence entries
for points on other components are effectively non-existent.
When component {4 alone is displayed, this is of po consequence
as Fiqgqure IITl-4c shows however, the display of component 2
alone is incomplete due to the missing lines formerly provided
by the simultaneous display of component 1 (Figqure I1I-4d).

Figure 1I11-4e shows the T-Plate redefined with dummy
points ? and 10, defined to be in the same locations as poaints
3 and 6 except on component 2 rather than component 4§,
included.

The correct display sequence would now be:

Sequence Point (Component)

i -} i

2 i i

3 2 i

4 3 i

S 4 i

é S 1

7 6 i

8 -10 2

f L4 7 2
i 10 B8 2
i1 V4 2

i2 i0 2

13 -3 i

14 .3 i

The new displays are shown in Figures IIl1-4f, III-4g, and
I1I-4h which display the structure and its components as
desired.
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The above display sequence file happens to be a good
example of a display sequence following the rvles given above
that is, all sequence loops (there are three -- one for each
component seperately and one for the two components combined)
are explicitly closed, and the points defining components i and
2 are "grouped together® in the file. To illustrate what
happens if these rules are not followed, you should consider
the the following display sequence file for the T-Plate of
Figure III-4e:

Sequence Point

(¥
SOMNO U H WS>

-
COoOVDHDUVICNDWN -

i1

and why it wovld be vnsatisfactory for displaying only one
T-Plate component at a time.

3.3.6 Data Setup Section -— Monitor Commands

k. Note: () denotes optional parameters

] 3.3.7 KEYBOARD - K 3

K 3 xx%x KEYBOARD BUTTON XXX

This command is used to enter the Display Sequence Monitor.
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This is a very inportant input and great effort has been spent
on trying to automate the connectivity file. The maximum
number of connections cannot be greater than %00.

In this mode, a secondary monitor is used to input the
connectivity. This monitor is denoted “C" and uses the 1
following commands for input:

3.3.8 COUNT - %

& Ni %%k COUNT BUTTON xXxkx

o - —are s

This command can be used to reset the counter to
the valve Ni. The counter is the number of the last
display vector (connectivity) entered. If a new
display sequence is ever required, the old connectivity
file can be eliminated by setting the counter to zero
(NL = 0). The connectivity file is stored using line
numbers with one line number per vector (the vector is
the ending point number of the beam trace).

3.3.9 KEYBOARD ~ K

K %%k KEYBOARD EUTTON xXxX

- e e -

The Keyboard command is used for entering the connectivity
file.

After the K tommand is issved, the computer waits for
input Ni and N2 can be entered. If N2 is greater than Ni in
the connectivity file, the counter is incremented and the
connectivity from N{ to N2 is sequentially stepped. If N2 is
defavlted, the Ni value is added to the conpectivity file and
the counter is incremented. If N2 is less than Ni the
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connectivity is incremented from N2 to NLi. This input is
terminated by inputting zero (0) for Ni.

If it is desired to move from point A to another point
without drawing a line, Ni should be equal to a negative of
point B.

Line numbers are auvtomatically calculated and uvpdated by
way of the counter. Terwmination returns the user to the
Display Sequence monitor.

3.3.10 DELETE - /D

/D Ni (N2) kXX DELETE BUTTON XXx

o s e o bt

This command will delete the connectivity file from
covnter Ni to N2. If N2 is defauvlted then Ni will be deleted.

3.3.114 INSERT ~ /1

/T Ni X%k INSERT BUTTON XXX

This command will insert after counter value Ni. After
the /1 Ni command is input, then the computer will wait for an
input where N2 in entered. The value N2 will be entered into
the connectivity file. Additional values can be entered vntil
a4 zero value is inputted and control is returned to the
connectivity file monitor. Terminate with a 0.
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3.3.42 PHOTOREADER - R

R XKk PHOTOREADER XXX

This command will read a paper tape that has been punched
as a resvult of the print command.

3.3.13 REPLACE - /R

/R Nt xkk REPLACE BUTTON XXX

-y e e o —

This command is used just like the insert command but
eliminates line Ni with the first entry.

3.3.14 PRINT - W

W (N1) (N2) XxX PRINT BUTTDON XXX

This command will write the connectivity file for line
number Ni to N2. If Ni is equal to D, then the complete
connectivity file will br listed. If switch register bit 14 is
pressed, the output will be aborted. If switch register bit 4
is pressed prior to issuing this command, the output will be to
the punch.
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3.3.85 RETURN ~ (

{ XKk SUBROUTINE RETURN BUTTON Xkx

This command will return control tc the display monitor.

3.4 DATA SETUP SECTION ~ 1I/0 DEVICES

The 1/0 device selection in the Data Setup Section is
controlled by Switch Register bits 4, 5, 6, and 8.

Input: On input, the input device for the data entered
is determined by bit S or bit U as follows:

Bitv S Bit 8 INPUT DEVICE
OFF OFF TERMINAL
OFF ON MAG TAPE, if available
ON OFF PHOTOREADER, if avail.
ON ON PHOTOREADER, if avail.

OQutput: Un output, the ovtpvt device is determined from
bit 4 and bit &6 as follows:

Bit S Bit 6 OQUTPUT DEVICE
OFF OFF TERMINAL
OFF ON LINEPRINTER, if avail.
ON OFF PUNCH, if avail.
ON ON PUNCH, {f avail.
43
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4.1 OVERVIEW

The Parameter Estimation Section of the modal system is
designed to obtain, avtomatically, data from file one of the
Mass storage area of the disc, check t¢ determine if the data
belongs to the current data set, and vse one of four parameter
estimation techniques to determine the real or complex modal
coefficients. The four estimation techniques available are as
follows:

1) Amplitude (single deqree of freedom)

2) Quadrature (single degree of freedom)

3) Kennedy-Pancu circle fit (single degree
of freedom with constant residval)

4) Linear least squares (mvltiple degree of
freedom with residval mass and stiffness)

¢ A linear least square time domain program to calculate
global frequency and damping values is available to all four
| techniques but is required for only the last technique. This
eigenvalue algorichm involves multiple measurements in the
calculation of frequency and damping to be used for residve
estimation.

a4
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4.2 MEASUREMENT NOTES

In order to identify the modes of vibration of a
structure, it is necessary that frequency response data be
measured on the structure in such a way that the resulting data
is sufficient to identify all modes of interest at all points
of interest. The Modal System requires that these measurements
be made between a fixed "input" point (the point at which the
force is applied) and multiple "response” points (the point at
which the response to the input force is measuvred), or a fixed
“response” point and multiple “input" points.

The frequency response measvrements may be made using
transient or random inputs and baseband or Band Selectable
Fourier Analysis (ZOOM) .The type of structure, testing
convenience, and desired quality of the results being the prime
consideration in making the choice between them. Any of the
"standard" frequency response programs documented in the 5451
Operating Manuval may be vsed, or modified to measure the
required data, in addition, these programs may be supplemented
by the uvse of Y 5, and Y &6 (ADC overload, and number of
channels check). Coreload number 4 contains the 545iC software
that allows measurements to be made using the $4420 DAC, and
the 54470 Preprocessor (Zoom). Y 88 is also part of this
coreload and is used to store the measured data to the disc
with the proper information so the data can be vsed by the
Modal System (coreload 0). Y 90 is also vsed in conjunction
with Y 88 and both of these are described elsevhere in this
manval.

; 4.3 EIGENVALUE ESTIMATION

The task of determining damped natural frequencies can be
performned one of three ways:
1) Manually (channel Number)

4S
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2) Cursor (channel Number)

3) Least Squares Eigenvalue (frequency and damping)

With the first two methods, only one piece of data can be
vsed at a time. Therefore, it is wise to scan at least one
frequency response function from all major structure components
60 that no important modes are inadvertantly missed. Operation
of the cursor avtomatically stores the channel number and
frequency with the designated mode.

With the third method, a linear least squares time domain
method based upon complex exponentials is used to determine the
exact damped natural frequency and damping rate. This process
can involve any and/or all of the measurements taken. The
nearest channel number and a calculation of bandwidth (number
of channels on each side of the center frequency) is also
performed to allow for any method of residuve estimation.

4. 3.1 EIGENVALUE - MANUAL

With this method, a data record of representative data
will be requested followed by a request for mode and bandwidth.
After this, the channel number can be entered from the
terminal. (some valid data must be in block zero in order for
the frequency calcvlation to be correct). No information
concerning damping is vutilized.

Once the information is stored, the mode number and bandwidth
question will be repeated. To exit, a node number of zero is
entered.

4.3.2 EIGENVALUES - CURSOR
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In this method, a request for a representative data record
is the first question asked, followed by the mode number and
bandwidth. Again, damping information is not calculated or
vtilized.

After this data is inputted, block zero is displayed with
the cursor superimposed. The switch register is vsed to
control the cursor:

Switch 7 is fast right

Switch 8 is step right

Switch 43 is fast left

Switch 412 is step left

Switch 11 is expand around cursor position
Switch 9 returns data to computer

Switch 6 resets cursor to zero channel
Switch 5 aborts the cursor and returns a

zero channel number for the
currently requested mode

Once data has been returned to the program a new mode

number is requested. When finished, a mode number of zero is
entered.

4.3.3 EIGENVALUES - Linear Least Squares Time Domain

This method allows the calcvlation of eigenvalves for the
system in certain frequency ranges of interest. So, a first
request will be for a representative data record, followed by
sone questions of starting channel (manuval or cursor entry) and
number of channels in calculation. The range of interest is
defined by starting channel and number of points to be vsed
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(64, 128, 256).

EBecavse the method vuses a great number of measurements, one
must enter the first and last record of data to be taken into
account, as well as the approximatre number of measurements in
the range.

4.4 RESIDUE - ESTIMATION

At the present time, the Modal System is capable of
estimating complex modal coefficients with the limitation of
magnitude resolution of 4 in 2000 and phase resolution of 1 in
10. The ability to animate a display is limited, though, to
real modes. With this in mind, the parameter estimation
techniques are as follows:

1) Amplitude - The magnitude and phase of a given
frequency is recorded. The frequency can be chosen
manvally, with the cursor, or with the "starting value
algorithm".

2) Quadrature - The value of the quadrature, or imaginary,
part of the data at a specified frequency is recorded
as the magnitude and the angle is assumed to be 90
degrees. The frequency can be chosen manually, with
the cursor, or with the “gtarting valve algorithm".

3) Kennedy-Pancu Circle Fit - The Modal System identifies
modal coefficients from measuvred frequency response
data by fitting circles in the complex-frequency (or
argand plane) through the points centered at a mode’s
hatural frequency and a number of data points on either
side of the center channel.

The magnitude is determined from the diameter of
. the fitted circle while the phase is determnined in a
' similiar manner as in method one but a "displaced
origin”" is vutilized to eliminate effects of other
modes. The frequency can again be chosen manuvally,

A8
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with the cursor, or with the "starting valve
algorithm".

4) Linear Least Squares Frequency Domain The Modal System
executes a least squares error estimation of the data
within a 64-128-256 data channel range based vpon a
frequency domain model of a multiple degree-of-freedom
systen. The process is linear since the starting
values of frequency and damping are not allowed to
change from measurement to measuvrement. The results
are the complex residuves for the measurement. The
model is based vpon the following equation:

N Alrijd Alrijoxk
H(ij) = [BUM] = =—=em—m- 4 e
r=4 8 - P(r) S - P(r)

Where Alr) = Complex residue
A(r)x = Complex conjugate
P(r) = a(r) + j w(r) = Eigenvaluve
wir) = Damped natural fregq.
alr) = Damping coefficient

4.5 COMPARISON OF TECHNIQUES

The choice of parameter estimation technique depends vpon
the system being tested. FEach technique assumes certain
characteristics and will not work well when these conditions
are not met,

The amplitude and quadrature methods are limited since they vuse
frequency response values at only one frequency for each mode.
This is a rapid and straight forward process which is the basic
attraction of these methods. In cases of close modes or high
damping, the effects of nearby modes are not eliminated,
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thereby giving non-vnique modes. Additionally, the finite
resolution gives rise to patentially large errors if the damped
natural frequency is not described correctly.

To provide more sophistication, the circle fit method can
be vsed to improve points in the neighborhaod of the damped
natural frequency. This gives better results as long as a mode
is present in the argand diagram (that is, not at a node).

Again, resolution can be a problem (as well as noisy
data), but better accuracy cén be obtained compared to the
first two methods. Even so, if the mode coefficient becomes
zero or if modes are highly biased or coupled, this method will
give confusing resvlts and require manval control of the fit.
When run automatically, the speed is not objectional but when
run manvally, the lack of speed becomes a problem.

In the sitvation where the first three methods fail, the
linear least squares frequency domain fit will provide same
success. This technique involves a multiple degree of freedom
frequency domain model to generate estimates of residues based
vpon fixed values of frequency and damping in modes present
within a frequency range. To account for effects of modes
below the minimum frequency, a residval mass term (function of
the inverse of frequency squared) is included. Likewise, to
account for modes above the maximum frequency a residval
stiffness term (complex constant) is included. Using this
approach, closely spaced modes of vibration may often be
seperated.

4.6 CIRCLE FIT PRESENTATION

After a circle fit is computed for a mode, the system
displays the following waveforms on the 5460 display screen:

1) The circle fit for the present mode (this is only

S0
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displayed with the 5460 switch in the COMPLEX position

2) The data center channel and (BW + 15) data points on
either side of the center channel (if they exist).

3) (intensified). The data center channel and (BW) data
points on either side of the center channel (if they
exist) .

The data points may not exist for display, for example, if
the center channel of a mode was channel S and the bandwidth
was 2. In this case, the display of (2) above would extent
from data channel 0 to channel 22.

If the mode center channel is near either end of a data
block, the system will use as many points as possible up to the
normal limit te calculate the circle fit and display the
results.

The circle fit display is used to judge the acceptability
of the circle fit and, hence, the accuracy of the modal
coefficient determined from it. In general, the data points
shovld lie near or on the circle. Due to the finite
resolution, the points may not be evenly spaced on the circle,
especially for very lightly damped modes. A "typical" circle
fit display (for BW = 2 ) is shown in Figure IV ~-1.




jutod ejep sajoudp O

qurod 3T3J 2T2XTD Sdjouayp

(z=Mg 203) Avidsyd 37d 2TITD W18oTd4AL,

1-Al *31d

A-116




4.7 PARAMETER ESTIMATION - Command Summary

Note: ( ) Denotes optional parameters

4.7.4 ADD - A+

A+ X%k ADD BUTTON XX

This mode of operation is primarily conservational.
Seperate sub-monitors are available for circle fit, starting
valve algorithm, and linear least squares frequency domain
parameter estimation.

The system prompts with a request to enter the option to
be used to determine the frequencies and damping as follows:

1) MANUAL

2) CURSOR

3) LEAST SQUARES ESTIMATE

4) CURRENTLY SELECTED VALUES
5) RETURN TO MONITOR

The most common entry is Least Squares Estimate, and it
can be vsed with any method to determine the nodal
coefficients.
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4.8 LEAST SQUARES EIGENVALUE - COMMAND SUMMARY

This monitor is conversational, and it will prompt the
operator as to the disc record number of typical test data and
whether the choice for the starting channel is a manval or
cursor entry.

It will also ask the number of points to be used in the
parameter estimation (typically 128), and it will ask the range
of disc records to be vsed to determine the frequencies and
dampings.

After ansuwering the above question, the system will search
all disc records with the 5460 nixie display indicating which
measurement it is currently working with., It will then print
out & list of the lL.east Squared Error as a function of the
number of degrees of freedom. At this point, the " SP "
command is vsed to specify the number of degrees of freedom to
be vsed. Typically one looks for the number of degrees of
freedom where the Least Squared Error has reached a "minimumn”
where more degrees of freedom does not significantly further
reduce the error.

One then vses the " D * and * CL * commands to view where
the modes are relative to a typical measurement display. Modes
can be deleted using the " /D " command, and the revised list
of modes can be printed with the " W " command.

When the number of modes preserved are what is desired the
Eigenvalve program is exited using the " ( " command. At this
point the system prompts the operator to pick the method to be
vsed to determine the modal coefficients. The options are as
follows:

1) MAGNITUDE

2) IMAGINARY PART

3) REAL PART

4) KENNEDY-PANCU CIRCLE FIT

S) LEAST-SQUARES FREQUENCY DOMAIN
6) RETURN TO MONITOR
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.1 POWER SPECTRUM - SP

SP Ni XXX POWER SPECTRUM XXX

This comwand calcnlates the relative least squares error
for degrees of freedom Ni. In the automatic mode, Ni = 32. If 1

Ni = 0, an interactive mode requests the range of degrees of
freedom Ni to N2.

If Ni is a value in the range of 2 to 40, the error as
well as the realistic modal parameters are printed out.

The value of Ni cannot be defavlted.

4.8.2 DELETE - /D

/D Ni ¥xXx DELETE BUTTON XXX

This command deletes the modal parameters for mode Ni from
the list of modes created by a " SP Ni * command. The modal

parameter list is immediately renumbered. - |
L
4.8.3 CLEAR - CL -
[ 3
CL Nt %% CLEAR BUTTON ¢kx

This command clears the channel(s) nearest to the

o
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calcylated damped natural frequency(s) and then performs a Log
Magnituvde calcvlation of the frequency response functien. The
command give visval identification as to the location of the
damped natural frequencies with regpect to the peaks in the
composite power spectrum display.

If the clear command is given a second time the cleared
channels go to the top of the screen instead of the bottom of
the screen.

4.8.4 DISPLAY - D

D «(No Parameters) Xkx DISPLAY COMMAND XXX

v — - - = " o o

Calcvlates a magnitude display of the composite power
spectrum data to be vsed for visuval identification of the

location of the damped natural frequencies.

4.8.5 PRINT - W

W (No Parameters) XXX PRIMNT BUTTON x%xkx

- A e A ot e i S S et Goup S Sy

This command prints the current values of the modal
parameters to the output device as selected by the switch
register.

4.8.6 RETURN - «

¢ (No Parameters) x%%x SUEROUTINE RETURN BUTTON XXX

- — . o o > o T - ———— -
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This command returns to the parameter estimation logic to
allow the residues to be estimated based upon the current list
of starting values. If too many starting values have been
identified, the values must be reordered according to
importance or some must be deleted.

4.9 LEAST SQUARES RESIDUES - COMMAND SUMMARY

The system will prompt the operator to clear the current
modal coefficients (enter a 0 to clear or a space not to
clear). It will then ask which option is to be vused for the
residval terms. It then asks whether an interactive or
avtomatic mode is desired (typical response is avtomatic). The
next question asked is the range of disc records to be vsed for
the current test. There are some switch register options
listed at this point, the most common one is bit 2 which is
vseful for a printovt of the modal parameters. The system will
then begin fitting each measurement and displaying in a
front-back mode the data versus the fit. To continue on to the
next measuvrement a *' D -1 " or a " -4 " is entered on the
terminal.

4.10 LEAST SQUARES RESIDUES - AUTOMATIC MODE

A

4.40.4 DISPLAY - D

D Ni N2 kX% DISPLAY BUTTON xXxxXxx

This command is vsed to display channels Ni through N2 of
the raw and theoretical data in a front to back format. To

Y4
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exit the display, an integer nhumber Ni is entered. If Nif = 0,
this measvrement is skipped and the next measuvrement in the
range is read from the disc. If Ni ( 0, the data is saved and
the next measurement is is processed.

4.14 LEAST SQUARES RESIDUES - INTERACTIVE MODE

In this mode a double asterisk (XX) is displayed as the
monitor prompt character.

4.14.1 MASS STORE - MS

MS Ni N2 Kk MASS STORE BUTTON XxxX

——  — —— - —

This command operates the same way as the Fourier system ;
command. It is vused to store the modal data to the disc. D

4.11.2 PRINT - W ;

W (no parameters) XXX PRINT COMMAND XXX

This command prints out the modal parameters of mode _
number, frequency, damping (xeta), and the magnitude and phase i
along with the real and imaginary parts of the residue.
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4.11.3 CURVE FITTING - CR

CR (no parameters) XXX CORELATION BUTTON XXX

- — - — — > - — . - ot

This command calculates a set of residues for the starting
valuves for a measurement. The range of measurement locations
on the disc is input interactively so that, after each
calculation is accepted, the next measvrement in the range will
be processed.

4.11 .4 RECONSTRUCTION - £V

CV (no parameters) kkx CONVOLUTION BUTTON XXkX

This command takes the results of the residue calculation
and forms thr mathematical frequency response function for
display verification. It is ysually called right after the CR
command.

{ 4.11.5 RESIDUE CONSTRUCTION - SP

SP Ni Xk POWER SPECTRUM %Xx

If Ni is less than or equal to 0, a set of starting valves
can be entered.

If Ni is greater than 0, the residue calculation begins as
in the CR command but no data is read from the disc. The data
is assumed to be in block 0.
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4.11.6 DISPLAY - D

D Ni N2 x%Xx DISPLAY BUTTON %x%x

This command is the same as that found under automatic
option.

4.12 CIRCLE FIT MONITOR

The Circle Fit Monitor allows you to interactively change
the circle fit or the coefficient (the monitor character * D "
is printed).

The valuves of center channel and bandwidth are considered
“permanent® valuves. When you first fit a mode using the
command, these permanent values are assigned to “temporary” or
*working"” valuves from which the circle fit is calcuvlated. The
circle fit is always calculated from these “temporary” values
of center channel and bandwidth.

The Circle Fit commands allow the “temporary" center
channel and bandwidth to be varied in order that the circle fit
for a mode may be improved. Whenever new circle fits are
calcvlated, a new modal coefficient is found. When you judge
the fit or the coefficient to be acceptable, the coefficient
may be saved. In addition, the new "temporary" center channel
and bandwidth may be saved as the "permanent® valuves in the
table, so0 that they will be vsed as the “"temporary” valves for
this mode in later measurements.

Additional Circle Fit commands allow a “"temporary"
estimnate of damping for the current mode to be made if desired,
this "temporary" estimate may be stored into the table, or the
table value may be recalled to become the "temporary® valve.
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4.43 CIRCLE FIT COMMAND SUMMARY

Note: ( ) denotes optional parameters

4.13.14 Ni TEMPORARY BANDWIDTH

Ni Assign New (“temporary" ) bandwidth

Assign the value of Ni (1(N$<30) to the "temporary"
bandwidth for the current mode, and recalculate the circle fit
vsing this new bandwidth valve. Ni = 0 vses the quadrature
response and proceeds. Ni(0 accepts the current circle fit.

The bandwidth refers to the number of data points to be
inclvded in the circle fit. A bandwidth of "i" vses the center
channel plus and minus one channel.

4.13.2 ROTATE -

Assign New Center Channel XXX ROTATE BUTTON XXX

Increment the current "temporary" center channel valve by
value Ni (+ or =) and recalcuvlate the circle fit.

4.13.3 SUBSTRACT -~ A-

A= Recall Old Center Channel X%k SUBSTRACT BUTTON x%xxXxx

Assign the center channel valuve from the table to the
“temporary"” center channel, print the value, and recalcuvlate
the circle fit.
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4.13 .4 CLEAR - CL

CL Clear Coefficient X%x%x CLEAR BUTTON Xxxx

Sets the modal coefficients to zero and proceeds.

4.13.5 REPLACE - /R

/R Save "temporary" valves %x%x%X REPLACE BUTTON xXxX

Save the "temporary” valves of center channel, bandwidth,
and damping inte the table, thereby making them the “"permanent"
values for the current mode.

4 13 .6 MISC. INFORMATION

Auvtomatic Circle Fit (Bit 1)

If switch register bit {4 is on when the algorithm is
entered, the coefficeints from the modal circle fits will
avtomatically accepted with no circle fit displays or user
interaction.

Svppress Printovut (Bit 45)

If gswitch register bit 4S5 is on, the printout of point
number and orientation will be svuppressed.

At the completion of processing the range of measvrements
requested, the system returns from the circle fit monitor ( D )

to the Y @ monitor ( X ) where one could then ask for the
animated displays, etc.
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S.1 OVERVIEW

The Data Display Section of the Modal System is entered by
typing ‘Y 9’ on the system TTY. The program will then respond
by printing a “X" on the TTY signifying that the "X" monitor is
now in operation.

This section outlines the Data Display commands available.
Once the necessary steps of the Data Setup and Data Acquisition
sections have been performed, these commands allow you to
obtain animated mode shape displays for the test structure.

5.2 CONSTRUCTING THE DISPLAY

Note that, as the display is being constructed, data
blocks 0 and i are being vsed to store variouvs ‘working’ arrays
of display points. As long as the contents of these blocks
remain intact, the program will display the animated mode shape
. whenever the "X" monitor is active. If the "X" monitor is
exited via a command and then later re-entered by calling ‘Y
?’, the animated display will appear provided blocks 0 and 1
are intact, UWhen blocks 0 and i are filled, a flag is written.
When the "X" monitor is exited and then re-entered the system
checks to see if this flag is there. If block 0 has been
destroyed or altered, the flag will probably have been altered
also — if this is the case, the systém will not display on the
screen when the "X" monitor is active until another command is
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given which constructs a display, OFf course, it is possible to
alter the contents of blocks 0 and 4 without altering the flag
~ in this case, the display that you see when the "K" monitor
is re-~entered will be erroneous and system errors may occur,

5.3 AXIS ORIENTATION

The global coordinate system for display purposes is assumed to
be:
Y

++ 4+ e+t

The system resclves coordinates and deformations in the
three global directions shown above into the display
two-dimensional system.

-~

LR N ERERERXNR

+ + X
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S.4 SCALING CONSIDERATIONS

The working arrays of points stored in block 0 and & are
defined relative to the display X-Y coordinate system.

Ultimately, all structure coordinstes and motion are
broken down into coordinates and motien within this X-Y system.

The display calculation will avtomarically scale to 80X of
the S400 display vnit, with the dis/ a4~ switch in the Complex
Mode. In this positicn only the left portion (B8 x 8) of the
total display (40 x 8) is vtilized.

S.% When to vse the Data Display Commands

Although some care has been taken to make the Data Display
Commands vsable at any time, it is recommended that these
commands be used only after performing the Data Setup for the
structure acquiring modal coefficients through the Data
Acquisition process. Using the Data Display commands at times
\ when valid data does not exist will produce neaningless results
i or psssible system errors.

S.6 Initialization of Display Parameters

Whenever the "X" monitor is entered by typing ‘Y 9/,
display parameters controlling the following functions are
initislized to
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Deformation Amplitude

Display Expansion (BO0X of maximum)

Display Rotation (no rotation)

Horizontal Position (to center of display)
Vertical Position (to center of display)
View Paosition (to (1,1,1) )

*Still" Function (display uvndeformed shape)

plus animation)

The various Data Display commands are capable of changing
all of the above parameters for the purpose of modifying the
display. The system "remembers"” the values of parameters
controlling the display functions even though the modes or
components being displayed may change. These parameters may be
“reset" to defavlt values either by exiting and re-entering the
“x* monitor (which resets all except animation speed) or by
entering the appropriate Data Display command with no
parameters (this resets only the parameter for that command).
In this matter, the position (for example) of the animated
display display will never be changed once it has been set
unless a specific command is given to restore the default
display position.

S.7 Command Summary

Note: ( ) denotes optional parameters

$.7.4 PRINT ~ W

W Ni (N2) (N3) (N4) XXX PRINT BUTTON %x%x

- o o o g o -

Ni = 0 The test set-up is printed.

Ni = 4 The component data from N2 to N3 is printed.
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Ni = 2 The geometry data from point N2 to N3
is printed.

NL = 3 The connectivity file from N2 to N3 is printed.
Ni = 4 Mode frequencies and damping is printed.
Nt =5 The modal coefficients from mode Ni from point

N3 to N4 is printed. Note N2 cannot be
defavlted if Ni = S,

If NL =2, 3, 4, or S and switch 14 is pressed the ovtput
will be aborted.

5.7.2 STORE X<

X> (N1) Kkk STORE BUTTON XXX

This command will store the set-up and modal coefficient
which then can be loaded later. Ni specifies the record number
where the information is written, The next available record
will be reported. (0 ¢ Ni ¢ 800)

$.2.3 LOAD X(

X< (N1) x%% LOAD BUTTON XXX

This command will read the store command. Ni specifies
the record number.
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5.7.4 CONVOLVE - CV

CV Ni kX CONVOLUTION BUTTON XXX

This command controls the display rate of the display The
larger the value of Ni the slouwer the display. Typical valves
are in the range of 1 to 10. For displays with a very few
number of points little control of the display rate will be

possible.
5.7.5 DIVIDE - : <(or EX)
:+ (or EX) Ni x%xx DIVIDE BUTTON XXX

- - ———

This command will expand the view by the percentage Ni.

5$.7.6 TRANSFER FUNCTION ~ CH Cor AM)

CH (or AM) N& XXX TRANSFER FUNCTION BUTTON xxx

This command will expand the amplitude of vibration by the
percentage Ni.
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5.27.7 SUESTRACTION A- ( or R )

A- (or R) Ni XXX SUBTRACTION BUTTON XXX

This command will rotate the view by an angle equal to Ni
degrees. Default of Ni is approximately 8i deqgrees.

5.7.8 DIFFERENTATION - %2 (or V)

X (or V) (N1) (N) (N3) (N4) XXX DIFFERENTIATE EUTTONXXX

This command changes the viewing position where Ni, N2,
and N3 are the X, Y, Z coordinates of the viewing position with
respect to the global coordinate system. If N4 is input, only
the transformation matrix is recalcvlated. A new display will
not be calcuvlated. (Default Ni = N2 = N3 = 1)

5$.7.9 POWER SPECTRUM - SP

SP Ni k%k%x POWER SPECTRUM BUTTON %XxX

This rescales the initial display vpon entering & new mode
so that the display fills the CRT screen. A typical valve for
Ni is 3400.
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5.7.10

DISPLAY - D

D (N1) (N2) (N3) (N4) (NS) (N&) ¥X% DISPLAY BUTTON XXX

- o oy - o e T, - . — — S S

Thise command is vsed for displaying the mode shape data.
Ni=0 or positive, mode Ni will be displayed, where N{ = 0 is
the undeformed mode shape. All components will be displayed as
long as N2 is defavlted. If Ni is positive, mode Ni will be
displayed for N2 number of components with components N3, N4,
NS, and N& being displayed. A display command with all
parameters defavlted, stops the display or removes the
uvndeformed geometry. It works in a cyclic fashon, with the
first entry stopping animation, second entry removing
undeformed geometry with animation, third stopping animation
and the fourth entry replacing undeformed geometry, which was
the initial condition. If Ni<0, the mode will be completely
recalcvlated even if the requested mode is currently being

displayed.

5.7.14

M NI N2

- — - -

ROTATE (or M)

( or rotate key) XXX ROTATE BUTTON Xxx%Xx

The move command will move the display so that the point

Ni is centered in the display screen If N2 is given then the
display will shift Ni percent to the right and N2 percent up.

Negative is left and down.

5.7.12

INTERROGATE - 7

XXX INTEROGATE BUTTON %xxx
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This command is vsed to intensify a point being currently
displayed. Ni is the point number to be displayed. If Ni=0,
(defavlt) the intensify function is turned off.

5.7.43 SUBROUTINE -~ «

< k¥ SUB-RETURN RUTTON XXX

This command returns control to the Fourier monitor.
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6.1 OVERVIEW

This section of the Modal System is intended to facilitate
the process of making a formal report or graphic record of
modal data either in plotted or animated form. Most features
are designed to work with an HP - 72410 plotter, HP - 9872
plotter or a Tektronix 4012 terminal interchangeably. Software
has been implemented which can locate the proper 1/0 slot so
that a particular configquration is unnecessary. 1In the
plotting mode, any deformed or undeformed position can be
presented (with the undeformed shape, the data points can be
annotated and the lines can be dotted). Labeling is available
at any time. Of particular interest to videotape or movie
presentations is the capability of displaying alphanumeric
titles to the HP 5S460 Display CRT.

6.2 DATA PRESENTATION COMMANDS - USE

Data Presentation Commands can be executed at any time
although, if sufficient data is not available, an error messaye
will resvlt. In general, if a request has been made to plot a
Mode Shape or annotate a plotted mode shape, an animated
display must be available. Displaying titles on the HP S460
Display vnit can be done at any time,

i 6.3 DATA PLOTTING - COMMAND SUMMARY

NOTE: ( ) denotes optional parameter
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6.3.4 ANALOG OUT - B

B (N1) (N2) XXX ANALOG OUT BUTTON XxXx

This command is used to plot the mode shape currently
being displayed. For N2 = 0 (defavlt), the vundeformed shape is
plotted. For N2 = § - 20 the deformation position (1 - 20) is
plotted. If Ni = 40 plot will be to the HP 7210. If Ni = 6
plot will be to the HP 2648 terminal. If Ni = 37 (default),
plot will be to the HP 9872 or the 7245 digital plotter. The
undeformed shape is normally in dotted format. If solid lines
are required, switch 42 on will give so0lid lines. The points
can be labeled if a point command has been issved prior te the
s0lid line undeformed shape plot. When vsing the 2648 Terminal
or the Tektronic 4012, switch 15 on will abort the avto erase
between plots.

If N2 is negative, a plot of 10 positions of the deformed
shape will be generated to device Ni.

6.3.2 LABEL - L

L (N1) (N2) (N3) (N4 xkx LABEL BUTTON XXX

This command is uvsed to label the plot. The label size
and position is controlled as follows:

Ni

device
10 for HP 7210
37 for HP 9872

N2 = (default = S0) = X starting position

N3 = (defavlt = 700) = Y starting position
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setup will then be restored to the disc.
(N4 default value = npone

Upon issuing the Y 88 Ni (N2) (N3) (N4) command the
program will respond with a prompt character " D " aon the
terninal. The user must then enter the point number and
transducer orientation as such:

N (IX) (IY) (IZ), where:

N = Point number associated with current
neasurement.

IX = Transducer orientation associated with data
in block §.

1Y = Transducer orientation associated with data
in block 2.

I1Z = Transducer orientation associated with data
in block 3.

Transducer orientations are expressed as integers of -3,
-2, -1, 1, 2, or 3 corresponding to local coordinate directions
-2, -y, =%, %x, vy, 1 respectively. The correct orientation
entry is that which describes the local direction in which the
transducer is pointing.

The direction of the transducer can be imagined by drawing
a vector from the base of the transducer through the top of it.
As an example, if the transducer associated with the data in
block t is pointing in the positive local Y direction then IX =
2.

If successive measurements have the same transducer
orientation then switch register bit 4 may be turned on to have
automatic incrementing of the point number. If switch register
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N4 = (default = 200) = width and height of
characters (HP 7210)

N4 = (defavlt = §) = Pen Number (HP 9872)

After the command is entered, the label is entered on the
terminal. Further lines may be entered below the first line
after the first line has been output to the device. This mode
is exited by the Terminate Button ( / ).

6.3.3 POINT ~ /.

/. (Ni) (N2) (N3) (N4) (NS) XXX POINT BUTTON %x%x

—— e € - S e . — - $000 e G A U Sare e -

This command is uvsed to enable the plotting of point
numbers on the undeformed, solid line plot (switch 12 on). Ni
is the X offset, N2 is the Y offset, and N3 is the character
size. Default valvues for all three parameters are 100. This
feature has been implemented only on the HP 7240 plotter and
the HP 9872 plotter. Switch 43 will abort only the labeling.
If NA and NS are entered, only those point numbers between N4
and NS will be printed.

6.3.4 LIST - /7L

/L (N1) (N2) (N3) %%x% LIST BUTTON %xxx

This program executes a call to suvbroutine similiar teo {
User Program 7074 (Reference Chapter 9) which displays ASCII
text to the HP S440 Display Unit for uvse as titles in
video-taping or movie-making.
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N&
Ni

Ni

N2

N3

R

Title will be entered manvally

Avtomatic display of the frequency
for mode number Ni

Disc record (-Ni) where previously
constructed titles have been stored.

Character size (N2 x N2)
a value of 1000 yeilds a character size
of 41 cm by 1 cn.

Y position of starting line of text
(-32000 to 32000).

The X position of each line of text is automatically

centered.

Defauvlt values: Ni = 0

This feature is aborted when any character is entered.

N2 = 500
N3 = S000
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This program is called within the data acquisition
keyboard program (using the 5451 C software coreload 1) in
order to put the proper test ID information into the data block
header area when the data is stored to the disc.

The following command formats may be used:
¥ Y 88 S Ni
Reads test setup from record Ni on the disc (Ni

defavlt valve is = 19).

Y 88 &6 Ni

Writes current core resident setup to the disc
record N{ ( default valuve = 19).

Y 88 N1 (N2) (N3) (N4)
NL =1, 2 or3

Stores data block 4 through Ni to the disc

N2 = Point number increment value
(N2 defavlt valve = 1)

N3 = Zoom range parameter (N3 = 0 -5)
(N3 defavlt valve = 0 ie, baseband)

N4 = Disc data record number where setup is
stored. Setup will be read before
storing current data blocks, an vpdated
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bit 0 is off then point number is increased by N2. 1If bit 0 is
on then point number is decreased by N2.

If the parameter N2 is less than or equal to zero the
point number is not incremented and the data is stored with the
current point number and transducer orientation.

The third parameter, N3, specifies the two character zoom
range parameter that will be stored in the header. N3 is an
integer from 0 to S which specifies a parameter of Z0 to 25
respectively. The zoom range parameter provides an easy key on
which other programs can search when looking for a specific
frequency range.

The fourth parameter, N4, specifies the disc data record i
where the test setup has been stored using Y 90. If N4 is
specified then the test setup is read from the disc data record
N4 (file 7) before the current data is stored to the disc. J
After the data has been stored, the test setuyp is restored to
disc data record N4. 1In this way the test setup always
contains the last point number and transducer orientation uvsed.
Before the setup is read, the mass store file 1 pointer is kept
50 that after reading or writing the test setup, the data file
pointer is returned to its original location
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This chapter lists in order, a typical listing of the
terminal printout during the operation of the modal software.
Indented wordage within brackets are comments not printed by
the terminal.

MAX BLOCKS #/SIZE/SPACE
2 2048 4992
Y 90

UCMIE TEST SET-UP PROGRAM : Y 90

e
K

ENTER TEST I.D. -
A/P

ENTER DATE
040980

ENTER DISC STORAGE START RECORD !
i

e
K 1
ENTER EXCITER POSITION AND DIRECTION : [ INTEGERS )
1,3
1 2

ENTER LOAD CELL MODEL & AND SERIAL #
104,114
ENTER NUMBER OF RESPONSE DIRECTIONS :
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ENTER 3 RESPONSE TRANSDUCER’S

MODEL NUMBER , SERIAL NUMBER , CALIBRATION NUMBER :
102,1,1

103,2,1

104,3,1

@

K 2

ENTER DATA TYPE CODE (2 CHARACTER)
AC

ENTER ZERO FOR IMPACT OR ONE FOR RANDOM
1

INPUT NUMBER OF ZOOM RANGES

MS38 10
MsSi8 14
MAX BLOCKS #/SIZE/SPACE
4/ 2048/ 8512
Y 9
UNIVERSITY OF CINCINNATI/LEUVEN MODAL ANALYSIS SYSTEM
VERSION: NOVEMEER 1979
X
x<708

(Here previous data, consisting of components,
coordinates, display sequence, etc. are loaded)

TEST ID IS A/P
X
]
TEST ID IS A/P
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B

DATE 1S 04 09 80

NUMBER OF POINTS IS 39

NUMEER OF MODES 1S i0

X

A+

ENTER OPTION TO BE USED FOR FREQUENCIES AND DAMPING
1) MANUAL
2) CURSOR

3) LEAST SQUARES ESTIMATE
4) CURRENTLY SELECTED VALUES
5) RETURN TO MONITOR

3

INPUT DISC DATA RECORD OF TYPICAL TEST DATA:

i

E TER OPTION FOR CHOICE OF STARTING CHANNEL :
1) MANUAL
2) CURSOR

2

SET CURSOR ON STARTING CHANNEL:

(USE SWITCH 9 ONCE CURSOR IS ON DESIRED
STARTING CHANNEL)

ENTER NUMBER OF POINTS TO BE USED IN THE PARAMETER ESTIMATION:
(64,128,256)

i28

STARTING FREQUENCY .418000E+014
CHANNEL 180 TO aos

ENTER 0 TO ACCEPT:

0

ENTER RANGE OF DISC RECORDS FOR CURRENT TEST:(Ni,N2,N3)
Ni = STARTING RECORD
N2 = ENDING RECORD

N3 = NUMBER OF SAMPLES/MEASUREMENT (OPTIONAL)
1 46
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DOF 2 ERROR = . 4B8B360E+D0 @XkKKKRKMKKKKKKKKKK KRR KKK KKK
DOF 3 ERROR = 64S7S0E-01 @XKKKKKKAKNKKKKKKEKKKKKKKKK
DOF 4 ERROR = . S39607E-04 @¥%00KKKNKKKKKKKRKNKK KKK KKKK
DOF S ERROR = 342228E-04 @XKKKAKKMK KKK K KKK KKK K KKK
DOF 6 ERROR = _{STO0L1E-01 EkKAkRAKKKKKNK KKK KKK KKK K
DOF 7 ERROR = .371186E-02 @XKKKKKIOKKKKNKKKKK KKK
DOF 8 ERROR = .1S5940BE-02 @Kkkkxik¥0kKK0kk¥0kXK
DOF 9 ERROR = . 973241E-03 @XKKKKKKNKKKKKK KKK K
DOF 10 ERROR = .605324E-03 @%KkkKKiKKKKRKKKK X
DOF 11 ERROR = . 23228FE-03 @Ik kKKK Kk XK
DOF 142 ERROR = . 167100E-03 @KkxiOkkkkkKkEKKKkK
DOF 13 ERROR = .B847006E-04 @XkXKXKAKKKKKKX
DOF 14 ERROR = .3929B2E-04 @XKKXKKKKKEKKK
DOF 45 ERROR = .3995B7E-04 EXKKKKKKKKKKK
DOF 46 ERRDR = . 29985SE-04 @KKKXKKKXXKKX
DOF 17 ERROR = _262208E-04 @XXXKKIKKKKKK
DOF 18 ERROR = .194537E-04 @XxKkKKkKKKK
DUOF 19 ERROR = _{18225E-04 @kkXIKXKKKX
DOF 20 ERROR = . 634055E-~05 @xkkkkkkkk
DOF 24 ERROR = .40288B9E~05 @kxkxkkkkkk
DOF 22 ERROR = . 445822E-05 EXkxikkkkkx
DOGF 23 ERROR = .S0B%6SE-05 @KkKKKKK KKK
DOF 24 ERROR = . 4061F4E-05 @xXXkxkkik
DOF 25 ERROR = . 422703E-05 @X%KKKKKKK
DOF 2& ERROR =  498142E-0S @kxkxkkkx
DOF 27 ERROR = . 241073E-05 @XXXXKAKNK
DOF 28 ERROR = . 255934E-05 BXKRRKKKXX
DOF 29 ERROR = 24437SE-05 @XKkKKKkkX
DOF 30 ERROR = . 21382BE-05 BXXXRX¥kNkXK
DOF 314 ERROR = .203096E--05 @KkKkKKXX
DOF 32 ERROR = . 4190742E-05 @XkKKIOKkRX
*X%
spP290
DOF 20 ERROR = . 43405SE-05 @XKKKXRKXKK
MODE FREQUENCY DAMPING RATIO ZETA (X)
1 1.800 . 055 3.0654502
2 1.916 .265 13.7247903
3 1. 918 .047 .8817%92
4 2.407 .040 1.8927138
S 2.184 .074 3.40079214
6 2.494 .078 3.1388712
7 2.597 .09% 3.6707439
8 2.676 .034 1.2614412
? 2.896 .077 2.653%9407
i0 3.080 .206 6.56735630
i1 3.080 .790 24 .8577423
X%
D
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x%

CL

%
/D14

XX

/D19

3
/b2

xx

W

MODE  FREQUENCY DAMPING RATIO ZETA (%)
i 1.800 . 05S 3.0654502
2 i.918 .017 .8817s¢%2
3 2.107 .040 1.8927138
4 2.181 .074 3.4007924
S 2.491 .078 3.13B87142
6 2.597 .095 3.6707439
7 2.676 .034 1.2644442
8 2.896 .077 2.6539407

xX

ENTER OPTION TO BE USED TO DETERMINE MODAL COEFFICIENTS:
1) MAGNITUDE
2) IMAGINARY PART
3) REAL PART
4) KENNEDY-PANCU CIRCLE FIT
S) LEAST SQUARES FREQUENCY DODMAIN
6) RETURN TO MONITOR

S

ENTER 0 TO CLEAR CURRENT MODAL COEFFICIENTS
0

ENTER OPTION FOR RESIDUAL TERMS TO BE INCLUDED:
1) NO RESIDUALS
2) RESIDUAL MASS ONLY
3) RESIDUAL FLEXIBILITY ONLY

4) RESIDUAL MASS AND FLEXIBILITY
4

INTERACTIVE(O) OR AUTOMATIC(1)
i

SWITCH 45 ABORT POINT PRINT

SWITCH 14 AEORT PARAMETER ESTIMATION
SWITCH 13 ABORT AUTOMATIC CALIBRATION
SBWITCH £t AFEORT NIXIE TUBE DISPLAY
SWITCH 10 SUPRESS SCALING QUESTION

83
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SWITCH 2 PRINT RESIDUE RESULTS
SWITCH 0 ABORT DATA RECONSTRUCTION

ENTER RANGE OF RECORDS FOR CURRENT TEST:

1 46
y4 i
LEAST SQUARED ERROR = .10024E~01
-1
p4 2
LEAST SQUARED ERROR = .1040SE-01
-1
(TURN ON SWITCH 0)
Z 3
4 4
(THIS CONTINUES FOR ALL MEAS.)
x
D1
1.8000 HERTZ
x

At this point one could ask for various printouts, display
other modes or plot the resvlts., Typically one would also
store this analysis to the disc in a typical location like
record 720.
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Y 7074 - ALPHANUMERIC DISPLAY ON CRT

This program allows the user to generate ASCII characters
in a data block for display purposes. It was written with the
intention of generating titles, sub-titles and labels for video
tapes of mode shapes.

There are 60 characters available, plus the gpace. The
characters are:
A through Z
0 through 9

t "4 82 () x -

_Te ¢y, . /1

The command call is: Y 7074 - LY 1SIZE

where: LY is the location
of the first character Y-axis

ISIZE is the character size

The screen is divided as shown here:

8s
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*"""-""-'--l-In-----q..-.........

+32000 +--—--mwme- e bl +RKKRXK
e e +HRENK
et e +RKEXX

e ettt tomm e +XKKKRK

Fomm e e +XRNKX

Y~-axis 0 ¢+~ $mmmm e~ +REENK
o R ittt +XRKEKX

e bkl o +RKKRKK
D e ks +RKRKK
Frm e ——— e +XERXK

~3200) +-~—-=-m—me—= tommm e +RRKKK

-32000 0 +32000
X-axis

Note: Characters must be viewed in the COMPLEX
plane. Therefore, only an eight division portion of
the display is vsed.

The parameter ISIZE defauvlts to 400! LY defaults to 0.

ISIZE can range from 32000, but becomes unreasonable past
2000.

Following the command call, the system responds on the
terminal with the number of characters available per line E
without overflow to the next line. This permits the vser to !
calculate positioning of the characters before entry. The
systen then waits for an input from the terminal of up to 70
characters and spaces. The program will “"line feed"
auvtomatically when the number of characters exceeds the
available per line. A "line feed" may be forced by placing a
blackslash at the location desired in the character string.
The blackslash is not counted as a character. If the number of

characters is greater than the block can hold, the system will i
respond with a CL WHAT?

After calcvlation of the character string, the system prints on
the terminal a message indicating the block, and starting and
ending channels of the string.

——c -

8é
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EXAMPLE :

Y 7074 U.C. MECHANICAL ENGINEERING BLOCK 0, CHANNELS § THROUGH
407

This information can be vsed to give a display at maximum
display size as in the following keyboard program.

L o

Y 3220 0 & S69 12
Jo

For an acceptable display for video taping, the storage
scope must be vsed in the POINT DISPLAY mode.
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e e e e o e e i e b ——————————— -
i ! |
{ MODE MANIPULATION MAC ) CHAPTER {0 |
| | |
e P —————————— e +
10. .4 INTERCHANGE - X
X Ni X%kX INTERCHANGE BUTTON XXX

Ni = default - Modal Assurance Criteria

Ni = 4 Mode Scaling

Ni = 2 Mode Substraction

This section is interactive and relatively straight
forward in nature. Remember a space terminates further entry.
10..2 LOAD - X(
X< Ni X%X% LOAD BUTTON XXX

Ni = record where data is stored
10..3 STORE X)
X> Nt XXX STORE BUTTON XXX

Ni = record where data is to be stored.
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| FLOW DIAGRAMS

o ot e i o G e B e G e e e o e

FLOW CHART - DATA ACQUISITION

KEKRKKKKKX
X START «x

RREKERRKKX
+

+

+

+

+
MAOKEREKOKRKK KKK KK KKK KKK
X LOAD Y?0 OVERLAY X
ARKAOKE KRR KK KO R KKK
x Y 22 X
RRERAOKOR KA KRR KRR KK
x CL IRECi IREC2 X
KRR 000K KKK K K Ok K
x K 0 X
KRARAAOK KKK KRR K KKK KKK
XK 1 X
L2223t tidsttddetssds]
XK 2 X
KARKEREKKBXRAKKKKKKKKKKK
% X> IREC3 X
AR REIN K ARAOK KK K KRR KKK

+++ 444+
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KRR RIORK KRR KKK KKK KK

x %
% LOAD Y88 PROGRAM X
%X
X (coreload 1) X
X
20020000 3 000006 300 30 30 200 3K 2K 2 30K 3 3K K K KK
x %*
X ENTER KEYEBDARD X
X X
% PROGRAM TO CALCULATE x
x %X
% FREQUENCY RESPONSE 4
X X
X MEASUREMENTS IN
x X
x BLOCKS {,2,3
b |
300K 300 3K 8 K KKK K KOKOK 3 K K 0K K K XK K
X X
X Y 88 Ni N2 N3 IREC3I «x
X X
206006 2 KOK 0K ¢ 3K 0K K 350K 3 K 0K K K K K
X
X TAKE MEASUREMENTS X
X X
¥ FOR EACH POINT OF X
x X
X INTEREST 4
X x
0K KK KK K K K 3K oK 33 K K oK K K K K
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T —————

ERRKKRKEKKKKK
X START *
KRR KKK KKK
+
+
+
+
+
+
30006 20 20 30 00 00 200 352 00 00 220020 50 30 3002 3 3K 20 00 00 3 30 300K % KK KK ok
X LOAD LARGEST OVERLAY (40) X
33K K 3K K 8 0 2o 250 5 2 3030 o0 0000 300 9K 20 2 20 300 0 K 6 K K K
Y 9 %x
K KKK K 30K 2K 2K K 0 200K ok K 2 K 3ok KK K
¥ K 0 GENERAL SETUP x
300000820 2 3008360 30 3 0K 2K 3K 90 KK K 30K 3K 3K 2K 20K o 3k K oK K K
X K 4 COMPONENT SETUP X
5803020020300 0K 00 30 3 000K o 3o 3K o oK o ok 2k oK 3K oK 3K K
X K 2 GEOMETRY SETUP X
ARK R 0K K KK K KKK KKK KK 3K K K KK KK KK 3K K
X K 3 CONNECTIVITY SETUP X
1 3333238322333 383833833833 233243
+
+
+
+ X X X X
+ + + + %X A X
+ X X X X
+
+
+
002000 2.2 30306 3 020000 00 20 2030 30 0 300 0 20200 0 20K KK K OK KK 0K K oK
X X
X A+ PARAMETER ESTIMATION X
x FREQUENCY X
x DAMP ING x
x MODAL COEFFICIENTS %X
x X
b 3333232333333 383233338 8338333323333
+
+
+ XK X X
+ 4+ 4+ 4+ X A X
+ XX XX
+
+
+
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3132334388833 333 234333 3333¢3%3 4

X X
X D Nt DISPLAY MODES X
X X
RERREKREERKAKKKKREREKKKRKEKEK KKK
+
+
+
+
X X X X
L X
X B X
X X
X X ¥ X
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*
*

+ 4+ 4+ 4+ 4+

1323333333338 330383 838038333 2edtdss)
X) Ni STORE PRESENT
INFORMATION TO

DISC

X< Ni READ PREVIOUSLY
ENTERED INFORMATION

X

*

X

b

X

' X

00K AOK 3 0OK K K KK KKK AKOK K KKK KKKk
X

4

X

X

X

FROM DISC X
X

X

b ¢
b
X
%
X
x
X
x
X
x
X
X
X

200K o 306 2 3K 30K 0 o000 o KK K K KK ok K
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[ X X X X J
(. ]
[ X X X X J

* 4+t

20K KR KK KA K AR K KK ROk Kok K K
B Ni N2 PLOT PRESENTLY :
DISPLAYED MODE :

SHAPE

NOK KA KKK KKK KK KK KK K KK Kk K

I E X XN X K B X J

x
X
X
X
3
X L Ni N2 LABEL CURRENT X
X X
] PLOT L
X X
13233t ddiR st sitdedi ettt s sy
X
x
b
X
X
X

/L N4 N2 WRITE ASCII
TEXT TO

b
X
b
3
X CRT SCREEN

KRRREIKKKRAOKRKRANKNK KR KR KKK KKK KKK
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WORD

WORD
WORD
WORD
WORD
WORD
WORD
WORD
WORD
WORD
WORD
WORD
WORD
WORD
WORD
WORD
WORD
WORD
WORD
{ WORD
WORD
WORD
WORD
WORD
L WORD
WORD
WORD
WORD

PR e st

&

9

INTEGER STORAGE

¢ ——-— ¢

S2525B

ASCII STORAGE (SEARCH KEY)

70

TEST ID(41)

TEST ID(2)

TEST ID(3)

TEST ID(4)

TEST ID(S)

DELIMITER (.)

POINT NUMEBER (1)
POINT NUMBER (2)
DELIMITER (.)
TRANSDUCER ORIENTATION
DELIMITER (.)
EXCITER LOCATION (1)
EXCITER LOCATION (2)
DELIMITER (.)
EXCITER ORIENTATION
DELINMITER (.)

DATE (1)

DATE (2)

DATE (3)

DELIMITER (.)

TIME (1)

TIME (2)

TIME (3)

DELIMITER ¢.)

DATA TYPE CODE
DELIMITER
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WORD 45 RESPONSE POINT NUMBER

WORD 46 EXCITATION POINT NUMBER

WORD 47 RESPONSE TRANSDUCER MODEL NUMBER
WORD 48 RESPONSE TRANSDUCER SERIAL NUMBER
WORD 49 LOAD CELL MODEL NUMBER

WORD S0 LOAD CELL SERIAL NUMEER

WORD Si DATA BLOCK NUMEER

FLOATING POINT STORAGE

WORD 75 MINIMUM FREQUENCY
WORD 76&
WORD 77 DELTA FREQUENCY
WORD 78
WORD 79 DATA CALIBRATION VALUE
WORD 80 OR - RECORD NUMBER
I DATA TYPE CODES (WORD 34)
q i 10 TIME
i1 CORRELATIUN
20 FREQUENCY
21 FREQUENCY RESPONSE (D/F)
22 FREQUENCY RESPONSE (V/F)
23 FREQUENCY RESPONSE (A/F)
25 POWER SPECTRUM
29 COHERENCE
A0 CURVE FIT DATA
59
60 SYNTHESIZED DATA
70 SETUP
L 74 MODAL SETUP (Y 90)
72 MODAL COEFFICIENTS
75 TEST SETUP (Y 88)
96
A-160
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PAGE 00014 FTN4 COMPILER: HP24477 (SEPT. 1974)

0004 FTNA,L

0002 C

0003 C VERSION  §-JUN-78 PM MRH  COMMON: REV D
0004 C

0005 SUBROUTINE Y0090 CINT,IPAR)

0006 DIMENSION LINE(36),LINEL(35),IPAR(6),TH(1),IM(3),

0007 £ RH(3),NIH(S),CRH(3),ICMMD(14),I0ID(2),IPT(2),

0008 2 TZRCL0) , IXXC4),TYY(1),IZZ (1) ,NX(3),NY(3) ,NZ(3),

0009 3 FN(10),FC(410) ,FM(10),FD(10)

0010 COMMON ICOMM,IT(S),ID(3),IX(3),IS(3),IDL ,LMN,LSN,MN(3),
0014 1 ISN(3),IXP(3),IXDIR,ICF(S),IBW(S),IR(5),IAVG(S),I0VL(S),
0042 2 NAVG,NZR,NRS,KTEST,KTYPE, IREC,TCAL(3),1Z00M,FMIN,DF ,KZ,KAVG
0013 EQUIVALENCE (LINE(2),LINE4)

0014 EXTERNAL HDR8 , DTADO , SIZE

0045 DATA ICMMD/2H/R,2HCV,2HX ,2H$ ,2HCL,2HX(,2HX)>,2H/ .,

0016 1 2H/L,2H( ,2HP ,2HR ,2HW ,2HK /

0017 DATA IDUMi/-1/,1ZR/2HZ0,2HZ4 ,2HZ2,2HZ3,2HZ4,2HZS,

0018 12HZ6 ,2HZ7 ,2HZ8,2HZ9/

0049

0020 FHOKK KA AOKK KKK IR AKORAIOK AR A AOK KA KKK OK KK AR K A K KKK KK KKK
0024

0022 THIS VERSION OF Y0090 HAS THE FOLLOWING FEATURES :

X
X
X
1) CORRECT HEADER INFORMATION X

2) CORRECT TRANSDUCER INFO. IN HEADER X

3) INTERCHANGE TRANSDUCER INFO. FOR A POINT X

4) CHANGE OLD Y8 FORMAT TO CURRENT Y20 FORMAT X

S) CLEAR DISK RECORDS READY FOR Y88 X

6) LOAD OR STORE TEST SET-UP TO DISK X

7) SEARCH DISK RECORDS FOR A POINT NUMBER X

8) THREE TYPES OF RUN LOGS %

9) PUNCH TEST SET-UP TO PAPER TAPE X

10> READ TEST SET-UP FROM PAPER TAPE *
11) ENTER TEST SET-UP FROM KEYBOARD X
12) WRITE CURRENT TEST SET-UP %
13) WRITE HEADER INFO. FROM DISK RECORD X
X

X

K HCOKOK K KKK K KK 3K 3K 0K 0 00K 0K oK K K K KK oK oK K K KK KK 3K KK KK KK KK KK K 0K KK KK K

coooaooOaoooooooOoooooQ0one

CALL SETAD(HDRS,IH,-8,0)
CALL SETAD(HDRS,RH(1),67,0)

IPNTMX IS USED IN RUN LOG 2 . IT IS USED TO SET
SYSTEM BLOCY SIZE SO IT MUST BE A POWER OF 2.

cooooon00n

IRECMX=819
JRECMX=39
IPNTMX=5412

CALL SETAD(DTADO,IXX,IPNTMX,-1) :
I=IPNTHX%2

CALL SETAD(DTADO,IYY,I,-1)

I=IPNTMXX3 e FRECEDING PAGE BLANK=-NOT FILMED

CALL SETAD(DTADO,12Z,I,-%)
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PAGE 0002 Y0090 FTN4 COMPILER: HP24477 (SEPT. 1974)

0057 CALL GETI(SIZE,IBS)

0058 IBSIZE=1IBS

0059 CALL I0SW(LU,0)

0060 WRITE(1,100)

0061 100 FORMAT(//," UCMIE TEST SET-UP PROGRAM : Y 90*,/)

0062 1IF (IDUML . NE.-1) GOTO 200

0063 IPARLi= 1

0064 IPAR2= 0

0065 G0 TO 8000

0066 50 IDUMi=0

0067 200 I=ISWR(140061B,0,0)

0068 WRITE(1,240)

0069 240 FORMAT(/,1HR ,/)

0070 IPAR1=-9999

0074 IPAR2=-9999

0072 IPAR3=-9999

0073 IPAR4=-9999

0074 DO 230 I=1,36

0075 230 LINECI) = 2H,,

0076 CALL TTYINCLINE)

0077 242 CALL TEST(4,IST,LO0G)

0078 IFC(IST.LT.0) GOTO 242

0079 CALL CODE

0080 READ (LINE,320) IL

0084 320 FORMAT(A2)

0082 CALL CODE

0083 READ(LINEL,%) IPAR4,IPAR2,IPAR3,IPARA

0084 330 IF(IL.EQ.2H#$) GOTO 200

0085 NCMMD = 14

0086 DO 338 IMRH=1,NCMMD

0087 IFCIL.EQ. ICMMDC(IMRH)) GOTO 344

0088 338 CONTINUE .

0089 CALL IOSW(LU,0)

0090 WRITE(1,340)

0091 340 FORMAT(/,"INVALID COMMAND")

0092 GO TO 200

0093 344 IF(IMRH.GT.S) GOTO 35S0
1 0094 IF (IPARYL.EQ.-9999) GOTO 348

0095 IF(IPAR2.EQ.~-9999) IPAR2=IPAR{

0096 GO TO 350

0097 348 IPARY = 1§

0098 IPAR2 = IRECMX
3 0099 350 IF(IMRH.LT.8.0R.IMRH.GT.9) GOTO 360

0100 IF(IPAR2,EQ.-9999) GOTO 358

0404 IF(IPAR3.EQ.~9999) IPAR3=IPAR2

0402 GO TO 360

0103 358 IPAR2=4

0404 IPAR3=IRECMX

0105 360 GOTO(1000,9000,9500,2000,3000,4000,4500,4900,5000,

0406 1 9995,6400,6500,7000,8000) IMRH

0407 C

0108 C  XXKKKKKKXKKKKKKKEKRKKRKKEKRENRRKRRREKREKKRARRKKRKRRKRRRRAK
' 0109 C CORRECT INFORMATION STORED IN HEADER AREA ( /R )

0140 €  KEKRKKOKKIOOKKIIRKIRKKIORKKRRKRRRRRKKKEER KRR KRERK KRR KK
- 0114 €
L 04142 1000 CALL IOSW(LU,0)
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PAGE 00603 Y0090 FTN4 COMPILER: HP24177 (SEPT. 1974)

0443 WRITE(1,1015)

0ii4a 101S FORMAT(/,"LIST HEADER WORDS ?",/,

0115 1 "(YES OR NO)» :")

0116 READC(1,1017) IANS

0147 1047 FORMAT(AL)

0118 IF(IANS.EQ.4HY ) GOTO 1800

0119 1025 IFCISSW(14).LT.0) GOTO 200

0420 WRITE(1,1030) )

0t214 1030 FORMAT(/,"ENTER HEADER WORD NUMEER:")
0122 READ(1,%) IK

0123 IF(ISSW(14).LT.0) GOTO 200

0124 IF(IK.EQ.6) GOTO 4604

012% CALL HDRWD(IK,I)

0126 IF(I.EQ.1) GOTO 1035

0127 IF(I.EQ.0) GOTO 41043

0128 WRITE(1,1040) IK

0129 1040 FORMAT(/,"ERROR : TO CHANGE WORD NUMBER ",I3,/,
0130 1 "USE INTERCHANGE(X ) OR CONVOLUTION(CV) COMMANDS™)
01314 GO 10O 2400

0132 1043 WRITE(1,1044) IK

0133 1044 FORMAT(/,14," 1 INVALID WORD NUMBER")
0134 GO TO 102%

0135 1035 WRITE(1,4041) IK
0136 10432 FORMAT(//,"ENTER NEW INFORMATION FOR",

0137 1 /,"WORD NUMEER :",1I%)

0138 C

0139 C READ NEW HEADER INFORMATION KKK KK K KK K Nk KK 3KOK KK K Kk K
0140 C

0144 IF(IK.EQ.24) GOTO 1200

0142 IF(IK.EQ.34.0R,.IK.EQ.36) GOTO 1250
0143 IF(IK.EQ.26) GOTO 1300 _

0144 IF(IK.GE.AS,AND.IK.LT,.75) GOTO 1400
0145 IF(IK.GE.75) GOTO 1500

0146 DO 1400 I=1,5

0147 1100 NIH(I)=2H

0148 . READ(1,1101) (NIH(K),K=1,5)

0149 1104 FORMAT(SAZ)

0150 GO TO 1604

0154 1200 READ(1,1210) NIH(1)
0is2 1210 FORMATC(A2)

0153 IF(NIH(1) . EQ.2H-X) NIH(1)=2HX~
0154 IF(NIH(1) .EQ.2H-Y) NIH(1)=2HY~
015S IF(NIH(1) . EQ.2H-Z) NIH(1)=2HZ~
0156 GO TO 16014

6157 1250 READ(1,1210) NIH(1)

0158 GO TO 1601

0159 1300 READ(4,4301) NIH(1) ,NIH(2) ,NIH(3)
0160 1304 FORMAT(3A2)

0161 GO 70 1604

0162 1400 READ(4,%) NIH(1)

0163 GO TO 1601

0164 1500 1 = (IK~73)/2

0165 READ(41,%) CRH(1)

0166 1601 IF(ISSW(14).LT.0) GOTO 200
0167 IFCIK.EQ.6) NIH(1)=52525B

0168 IF(IK.EQ.36) GOTO 4602
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0169
0170
0174
0172
6173
0174
0475
0176
0177
04178
0479
0180
01814
0182
0183
0184
018S
0186
0187
0188
0189
0190
0194
0ig92
0193
0194
019S
0196
0197
0198
0199
0200
020%
o202
0203
02904
0205
0206
0207
0208
0209
0210
02114
0212
0243
0214
0245
0216
02417
0218
0219
0220
02214
0222
0223
0224

aoon
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1602
1603

1604

1640

1620

1700

onoo

0oao0

1705

1710
172S

1726

1730
1600

1800

1840

1849
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IF(IK.EQ.7%.0R,IK.EQ.77) GOTO 1602

GO TO 1604

WRITE(1,1603)

FORMAT(/,"ENTER ZOOM RANGE TO BE SEARCHED FOR:")
READ(%,1250) K

DO 1600 II=IPAR4i,IPAR2

CALL KYBD(2HMS,34,I1)

CALL KYBD(2HMS,11)
IF(IH(6) .EQ. 12345 .AND.IK.NE. &) GOTO 1600
CALL BCHK(IBS,IH(S))

IF(IK.EQ.6) GOTO 1700

IF(IK.EQ.36) GOTO 1610
IF(IK.EQ.75.0R.IK.EQ.77) GOTO {640

GO TO 1620

IF(IH(36) NE.K) GOTO 1600

STORE NEW INFORMATION IN HEADER RHORKRKOR K ROK KKK KKK KKK

IF(IK.GT.50) GOTO 1710
IH(IK) = NIH(1)
IF(CIK.NE.10) .AND. (IK.NE.26)) GOTO 172S
IF(IK.EQ.410) NLPS=4
IF(IK.EQ.26) NLPS=2
J=1IK

DO 1705 N=i,NLPS

L=N+1

J=J+1

IH(I)> = NIH(L)
CONTINUE

GO TO 1725

RH(I) = CRH(1)
IF(IK.NE,4S.AND,IK . NE.46) GOTO 1730
J=16

DO 1726 N=45,46
IPT(4)=TH(N)

CALL ASCPT(IPT(1))
IF(N.EQ.46) J=21
IH(I)=IPT(1)
IH(T+4)=IPT(2)
CONTINUE

STORE DATA WITH CORRECTED HEADER AR RAOKRR KKK KKK KRR KR K

CALL KYBD(2HMS,31,-1,1)
CALL KYBD(2HMS,21)

CONT INUE

GOTO 200

LIST HEADER WORD INFORMATION 1333338333833 83338338 8t0)

CALL IOSW(NU,0)
IF(NU.EQ.41) WRITE(NU,S028)

WRITE(NU,1810)
FORMAT(/,40X," WORD &",10X,"USAGE",/)
WRITE(NU,1819)
FORMAT(/,10X," ASCII STORAGE AREA",/)
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0225 WRITE(NU,1811)
0226 1811 FORMATC(14X,"$0",12X,"TEST ID")
0227 WRITE(NU,1812)
0228 1812 FORMAT(11X,"24",12X,"EXCITER ORIENTATION")
0229 WRITE(NU,1813)
0230 41843 FORMAT(41X,"26",12X,"DATE",/, 11X, "30",12X, "TIME")
0231 WRITE(NU,1814)
0232 1814 FORMAT(L1iX,"34",12X,"DATA TYPE CODE",/,1iX,"3&6",12X,"Z00M RANGE")
0233 WRITE(NU,1817)
0234 1817 FORMAT(/,10X," INTEGER STORAGE AREA",/)
0235 WRITE(NU,1815)
0°36  181% FORMAT(L11iX,"45", 12X, "RESPONSE POINT NUMEER",/,
0237 1 11X,"46",12X,"EXCITATION POINT NUMEER",/,
0238 2 11X,"49",12X,"LOAD CELL MODEL #“,/,
0239 3 44X,"S0", 12X, "LOAD CELL SERIAL #")
0240 WRITE(NU,1818)
0241 1818 FORMAT(/,10X," REAL STORAGE AREA",/)
0242 WRITE(NU,1816)
0243 1846 FORMAT(L1X,"75", 42X, "MINIMUM FREQUENCY",/,
0244 £ 14X,"77",12X, "DELTA FREQUENCY",/)
0245 GO TO 1025
0246 C
0247 € RRAKKKKKOKKKKIORICKKOKK KKK ORI ORI KKK HOK KKK KKK KKK K
0248 C CHANGE OLD Y8 FORMAT TO NEWY FORMAT USING HEADER AREA ( $ )
0249 € XRRKKRKKKKKROKIKKKOOKKKKK KKK OK KKK IR KKK KKK KKK KKK K
0250 C
0251 2000 CALL TOSW(LU,0)
0252 WRITE(1,2010)
0253 2040 FORMAT(/,"ENTER OLD TEST I.D. :")
0254 READ(1,204S) IOID(1),I0ID(R)
0255 2015 FORMAT(2A2)
0256 WRITE(1,5004)
0257 READ(1,1210) IZOOM
0258 DO 2020 I=1,3
0259 2020 IM(I)=ID(I)
0260 DO 2040 IJ=IPARi,IPAR2
0261 IF(ISSW(14).LT.0) GOTO 200
0262 CALL KYEBD(2HMS,31,1J)
0263 CALL KYHD(2HMS,11)
0264 CALL BCHK(IBS,IH(S))
0265 C
0266 C GET OLD TEST ID
0267 C
0268 II=IH(S)/2 - 20
0269 CALL GETW(0,TII,IZ1,123)
0270 II=TI+1
0271 CALL GETW(O0,II,1Z2,1Z3)
0272 IF((IZ1.NE,IOID(1)).0R,(IZ2.NE,IOID(2))) GOTO 2040 |
0273 C
0274 C GET POINT , ORIENTATION AND DATE
0275 C
0276 DO 2041 K=1,3
0277 II=T1+14
0278 CALL GETW(0,II,IPT(1),0)
0279 CALL ASCPTC(IPT(1))
0280 IDCK)I=IPT(2)
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0281 2041 CONTINUE

0282 I1 = 1T + 1§
0283 CALL GETW(O0,II,IDt,0)
0284 IT = I1 + ¢
028% CALL GETW(O0,II,IS(1),0)
0286 CALL KYED(2HMS,31,-1,1)
0287 DO 2042 K=9,44
0288 2042 IH(K) = 2H .
0289 IF(ISSW(LS) .LT.0) GOATO 2043
0290 IF(IDL.EQ.2HX ) IDLI = {
0294 IF(IDL.EQ.2H~-X) IDLI = ~%
0292 IF(IDL . EQ.2HY ) IDY = 2
0293 IF(IDL . EQ.2H-Y) IDI = -2
0294 IF(IDLi.EQ.2HZ ) IDY = 3
029% IF(IDY.EQ.2H~Z) IDL = -3
0296 CALL CODIT(IS(1),1D1)»
0297 GO TO 2045
0298 2043 IF(IDL.EQ.2H-X) IDi=2HX-
0299 IF(IDL . EQ.2H~-Y) IDi{=2HY~
0300 IF(ID1.EQ.2H-2Z) ID1i=2HZ~
0301 IPT(L)=I6(1)
0302 CALL ASCPT(IPT(41))
0303 IS(2)=IPT(4)
0304 IS(3)=IPT(2)
0305 C
0366 C PUT INFO INTO HEADER
0307 C
0308 204% CALL STORH(OG)
0309 IH(36)=1Z00M
0310 IH(34)=2H23
03114 CALL KYED(2HMS,21)
0312 2040 CONTINUE
0313 DO 2050 I=4,3
0314 2050 IDCIH»=IM(I)
0315 GOTO 200

b 0346 C

; 0317 C L3 2233383320830 3838338383338 8828838833 33233383 8338383320
03i8 C CLLEAR DATA RECORDS FOR USE EBY Y88 ( CL )
0319 C £ 2323333230838 2333333333333 33838 ¢33 8333333333838 3¢3 3333838823
0320 C

: 03214 3000 CALL I0SW(LU,0)

L 0322 DO 3040 II=IPARS,IPARZ
0323 IF(ISSW(14).LT.0) GOTO 200
0324 CALL KYBD(2HMS,34,11)
0329 CALL KYBD(2HMS,11)
0326 CaLl BCHK(IBS,IH(S))
0327 IH(b) = 12345
0328 CALL KYBD(2HMS,31,-4,1)
0329 CALL KYBD(2HMS,21)
0330 3040 CONTINUE
0331 GOTO 200
0332 C
0333 ¢€ L2223 b 2838333333833 3383 333383333 3833333333 3380 dstidte
0334 C READ TEST SET-UP ¢ X< )
0335 C 2002020 5 200203020 3030 200 5830 3050 1000 300 000 300 28K 380080 380K KO8R K B0OK OK K KK KRR R R Kk Rk e
0336 C
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0337
0338
0339
0340
0344
0342
0343
1344
0345
0346
0347
0348
0349
0350
0354
0352
0353
0354
35S
0356
0357
0358
0359
0360
03641
0362
0363
0364
0365
0366
0367
0368
0369
03740
0374
0372
0373
0374
0375
0376
0377
0378
0379
0380
0381
0382
0383
0384
038%
0386
0387
0388
0389
0390
0394
0392
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4000 IFCIPARL.LT.0) IPAR1 = JRECMX
CALL COM2(0,IPARY)

CHECK HEADER FOR TYPE CODE OF "7%"
IF NOT *"7%" , PRINT WARNING BUT PROCEED

aooao

IF(IH(34) NE,2H7S) WRITE(1,4002)
4002 FORMAT(/,"NON-STANDARD SET~UP BLOCK")
IPARL = 0
NDIR=0
DO 4040 I=1,3
IF(MNC(I) .EQ.0) GOTO 4010
NDIR=I
4010 CONTINUE
IFLAG2=0
IF(LMN.NE.0) IFLAG2=1
IF(NDIR.NE.0) IFLAG2=1
IFCIXP (L) .NE.0) IFLAG2=1
IFLAG3=0
IF(KTEST .NE.~-1) IFLAG3=1
KZOOM=¢
IF(NZR.EQ.0)> GOTQ 7000
DO 4020 I=1,NZR
IF(IRCI) .NE.O.OR.IOVL(I).NE.O) KZOOM=0
4020 CONTINUE
GO TO 7000

KK KKK KK KK K KKK K KOKK KKK RO ARROOR K KR KK RO KK KK R R KK KKK R KKK
STORE TEST SET-UP ¢« X> )
AROKOKOK K K K K KKK KKK KKK KK OK KK KK R OK BOK KRR K R AOK KKK K KK KKK K

aaonooao

4500 IF(IPARL.LT.0) IPARL = JRECMX
CALL STORH(0)
CALL COM2(1,IPAR1)
GO TO 200
KKK AKOK KK 3K KK 0K KRR KK KK A KO KK KKK KK KKK K ROK KK ROK K Kk K
SEARCH FOR POINT NUMBER /7.

200000 2030000 2000 30 0 30305000 30 000 000008 K 00K KK KK K KKK KKK ORI K KKK KKK KK kKK

ooOoo00o

4900 CALL IOSW(LU,O0)
DO 4910 I=IPAR2,IPAR3
IFC(ISSW(14).LT.0) GOTO 200
CALL KYBD(2HMS,34,1)

CALL KYBD(2HMS,11)
IF(IH(45) .NE.IPAR1) GOTO 4940
WRITE(LU,4905) IPARL,IH(1),I
4905 FORMAT(I4,1X,A2," IS IN RECORD ",I4)
4910 CONTINUE
GO TO 200

c

c ORI 0 0K 2 RN RN AR NOR KRR KRR KR KK
c PRINT RUN-LDG (¢ /L)

c 13131333 desseledtitieiibieedtited st iiiasattssssy
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03923 C
0394 S000 CALL IOSW(LU,0)
0395 IF(IPARL.GT.4) GOTO 338
0396 IF(IPARYL.LE.0.OR.IPARL,.EQ.3) GATO SS00
0397 WRITE(1,8420)
0398 READ(4,812%5) (IT(II),1I=41,5)
0399 IF(IPARL,.EQ.4) GOTO 5600
0400 5023 WRITE(L,5004)
0404 S004 FORMAT(/,"ENTER ZOOM RANGE : ™)
0402 READ(1,4210) IZOOM
0403 C
0404 C ANALOG IN (RA) OR "ZA" WILL INDICATE AlLL Z0OOM RANGES
0405 C
0406 IF(IZOOM.EQ.2HRA) 1Z00M=2HZA
0407 IF(IPARL .NE.2.AND.IZO0OM.EQ.2HZA) GOTO 5025
0408 DG 5624 1I=1,40
0409 IF(IZOOM.EQ.IZR(ITI) ) GOTO S02%
0440 5024 CONTINUE
0411 WRITE(1,5008)
04412 S008 FORMAT(/,"INVALID RANGE"™)
0443 GO TO S023
0414 5025 IF(IPARL.EQ.2) GOTO S400
0415 C
04ai6 C RUN LOG TYPE
0417 C |
04418 C GIVES RUN LOG BY RECORD NUMERER
0419 C FOR GIVEN TEST I.D,
0420 C
04214 CALL I0SwW(LU,0)
; 0422 NLIN=%4
0423 IF(LU.NE.1) MWRITE(LU,S080)
0424 IF(LU.NE.1) GO TO S029
0425 NLIN=25
0426 WRITE(LU,S028)

6427 5028 FORMAT("™)
g428 5029 WRITE(LU,S030)IT(4),IT(2),IT(3),1IT<4),IT(S)

0429 5030 FORMAT(/,10X,"RUN LOG FOR TEST: ",SA2)

0430 WRITE(LU,S035)IZ00M

0431 5035 FORMAT(/,10X,"Z00M PARAMETER: ",A2,//)

0432 WRITE(LU,S5040)

0433 5040 FORMAT(S9X, "FREQUENCY”,/,10X, "RECORD",3X, "POINT", 3X,
0434 $ "ORIENT",4X,"DATE",5X,"Z00M",4X, "MINIMUM",4X, "MAXIMUM",/)
0435 ITI=0

0436 IFLAG=0

0437 DO S090 1IJ=IPARZ2,IPARJ

0438 IF(ISSW(14).LT.0) GOTO 200

0439 CALL KYBD(2HMS,31,ID)

0440 CALL KYBD(2HMS,1i1)

04414 CALL CHKID(IT,IC)

0442 IF(IC.EQ.0) GO TO S090

0443 IF(ISSW(i%).LT.0) GOTO S090

0444 C

0445 C CHECK DATA TYPE CODE FOR FREQ. DATA

0446 C

0447 IC=IOR(IAND(IH(34),77400B),60B)

0448 IF(IC.EQ.2H70) GOTO S062
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0449
0450
0454
0452
0453
D454
0455
0456
0457
0458
0459
0460
0461
0462
0463
D464
0465
0466
0467
0468
0469
0470
0471
0472
0473
0474
0475
0476
0477
0478
0479
0480
04814
0482
0483
0484
0485
0486
0487
0488
0489
0490
0491
0492
0493
0494
049%
0496
0497
0498
0499
0500
0504
0502
0503
0504

agoaocoaa

oGt
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IF(IZOOM.EQ.2HZA) GO TO S04%
IF CIH(36) .NE.IZOOM) GO TO S090
S04% FM(1)=RH(L)+RH(2)XFLOAT(IH(S) /2)
WRITE(LU,S060)TJ,IH(45),TH(19),TH(26),IH(27),IH(28),
$ IH(36),RH(L),FM(1)
5060 FORMAT(L0X,15,5X,13,6X,A2,3X,3C(4X,A2) ,4X,A2,1X,2F11,4)
GO TO S068

CHECK DATA TYPE CODE FOR TEST OR MODAL SET-UP

5062 IC=IH(34)
IF(IC.EQ.2H7S) WRITE(LY,S063) 17T
IF(IC.EQ.2H7S) GOTO S068
ITF(IC.NE,2H748) GOTO 5090
IF(ITJ . LE,. (IFLAG+1)) GOTO 5090

IFLAG=1J

WRITEC(LU,5064) 1)
S063 FORMAT(10X,15,5X,"..... Y90: TEST SET-UP .....")
5064 FORMAT(10X,1I%,5X,".. ... Y 9: MODAL SET-UP  ,....")

5068 III=111+4
IF(ISSW(DY.LT.0) GOTO S090
IF(IIL.GE.NLINYGO TO S070
GO TO S0%0

5070 IF(LU.EQ.1) GOTO %084
WRITE(LU,S080)

S080 FORMATC////77)

S84 WRITELU,S030)ITC(L),ITC2),IT(3),IT(4),1IT(S)
WRITE (LU,503%)I1Z00M
WRITE(LU,5040)

IF(LULER. 1) NLIN=26
ITI=0

S090 CONTINUE

GO TA 200

RUN LOG TYPE 2

GIVES RUN LOG BY POINT NUMBER AND ORIENTATION
UNDER A GIVEN TEST 1.D. AND ZDOM PARAMETER

$100 IPTMAX=0
IP TMIN=IPNTMX
CALL KYED(2HBS, IPNTMX)
IBS=TPNTMX
CALL KYED(2HCL,1)
CALL KYED(ZHCL.,2)
CALL KYBD(2HCL,3)
DD 5200 I=IPAR2,IPAR3
IF(ISSW(14) .LT.0)60 TO 200
CALL KYBD(2HMS,31,1)

CALL KYBD(2HMS,11)
CaLL CHKIDCIT,IC)

IF(IC.EQ.0) GOTO S200
IF(IH(36) NE.IZOOM) GO TO S200

CHECK DATA TYPE CODE FOR FREQ. DATA
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0506
0507
0%08
0509
0540
0544
0512
0543
0514
054%
0546
0547
0548
0519
0520
0524
0522
0523
0524
052%
0526
0527
0528
0529
05340
0531
0532
0533
1534
053%
85346
i 0537
} i 0538
‘ 0539
05410
05414
0542
0543
0544
0545
: 0546

0547

0548

0549

05540

05514

0552

0553

0554

055%%

0556

0597

05%8

05%9

0560

aQaoc

caoaa

PAGE

%

—-—-—-———-———-‘

0018 YOORO FTN4 COMPILER: HP24177 (SEPT. 1974)

IC=T0R(60B, (TANDC(IH(34),774008)))
IFCIC.EQ.2H70) GOTO S200

ISi=1H(4%)

IF(IS81.LE.0) GOTD 5200
IFCISL.GT . IPNTMX) GOTO 5200
IF(ISL,GT,.IPTMAX) IPTMAX=I51
IFCISL LT IPTMIN)IPTMIN=16Y
IDE=IH(19)

IF(IDL EQ.2HX ) IXX(IG4i)Y= 1
IFCIDSE (ER,2HX-) IXX(IS1)=-1 !
IFCIDLLEQ.2HY ) IYY(ISi)= 1
IF(IDL L EQ.2HY~) IYY(ISi)=~I
IF(IDL . EQ.2HZ ) TIZZ(IS4i)= 1
IFCIDL EQ.2HZ~) TZZ(I84)=~1
CONTINUE

FIND LAST RECORD FOUND TO GET FREQ. INFO

IFCIXXCIPTHAX) (NE, D) I=IXX(IPTMAX) i

IFCIYYCIPTMAX) .NE.0) I=IYY(IPTMAX)

IF(IZZCIPTHAX)  NE,0) I=IZZ(IPTMAX)

1=TABS(1)

CALL KYBDCZHMS,31,1)

CALL KYBD(2HMS,11)

FM(L)=RH (1) +RH{2)XFLOAT(IH(S) /72)

CALL IDSW(LY,0)

NLIN=S3

IF(LULNE. 1) WRITECLU,S080)

IF(LU.NE.1) GOTO 5210

NLIN=24

WRITE(LU,S028)

WRITE(LU,5030) CITC(I),I=1,5)

WRITE(LU,S5245) 1200M

FORMAT(/,10%,"200M PARAMETER: "LAa2,/)

WRITE(LU,S5220) RH(1),FM(L)

FORMAT (10X, "MINIMUM FREQUENCY :*,F15.7,/,10X,
"MAXIMUM FREQUENCY :",Fi5.7,7/)

WRITEC(LU,S270)

FORMAT (10X, "POINT NO.",5X,"X~DIR",8X,"Y-DIR"8X,"Z-DIR")
I11=0

DO S$400 1=IPTMIN,IPTMAX

IF(ISSW(14) .LT.0) GO TO 200

IF NO DATA STORED FOR A POINT NUMBER HIGHER
THAN 250 , THEN SKIP PRINT OF THAT POINT,

J=IXX(L)+IYY(I)+IZZ(T)
IF(I.GT.250.AND.J.LE.0)GOTO S400
NX(1)=IXX(T)

NY(1)=1IYY(I)

NZ(3)=1Z2¢(1)

CALL ASCPT(NX(1))

CALL ASCPTINY(1))

CALL ASCPT(NZ(1))

IFCIXXCI) EQ.0) NX(1)=2H
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05614
0562
0563
0564
056%
0566
0567
0568
0569
0570
0571
0572
0573
0574
057%
0576
0577
0578
0579
0580
0581
0582
0583
0584
0585
0586
0587
0588
0589
0590
0591
0592
0593
0594
0595
0596
0597
0598
0599
0600
06014
0602
0603
0604
0605
0606
0607
0608
0609
0610
061t
0612
0613
0614
0645
0646

ocoaoo
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5350

5360

5370

5400

5500

5501
5502

550%

s520

IFCIXXCI) JEQ.0) NX(2)=2H~
IFCIYY(I).EQ.0) NY(1)=2H
IFCIYY(I) .EQ.0) NY(2)=2H~-
IF(IZZ(I).EQ.0) NZ(1)=2H
IF(IZZCI) .EQ.0) NZ(2)=2H~
IF(ISSW(LS).LT.0) GOTO S400
WRITE(LU,S350)T,NXCL),NX(2),NY(L),NY(2),NZ(1),NZ(2)
FORMAT(11X,15,3(9X,242))
ITI=T11+1

IF(ISSW(0).LT.0) GOTO 5400
IF(III.GE.NLIN)GO TO 5360
GG TO 5400

IF(LU.EQ.1) GOTO S370
WRITE(LU,5080)
WRITE(LU,S030)(ITCIT),IT=1,5)
WRITE(LU,5245)IZ00OM
WRITE(LU,S220) RH(1),FM(1)
WRITE(LU,5270)

IF(LU.EQ.1) NLIN=25

I11=0

CONTINUE

GO TO 200

RUN LOG TYPE 3
GIVES SEQUENTIAL RUN LOG OF DISK

NLIN=5S9
IF(LU.NE.1) WRITE(LU,S5080)

IF(LU.NE.1) GOTO 5501

NLIN=30

WRITE(LU,S028)

WRITE(LU,5502)

FORMAT(/,10X, "RECORD" ,3X, "TEST ID",SX,"ZOOM",3X,"TYPE",
$ 3X,"POINT",2X,"ORIENT",4X,"DATE",//)

ITI=0

IFLAG=0

DO 5510 I=IPAR2,IPAR3

IF(ISSW(14).LT.0) GOTO 200

CALL KYBD(2HMS,31,I)

CALL KYED(2HMS,{1)

IF(IH(&6) ,NE,S2525B)GO TO S540

IF(ISSW(15).LT.0) GOTO 5540
IC=IORCIAND(IH(34),77400B),60B)

IF(IC.EQ.2H70) GOTO SS20
WRITE(LU,S5S0S)I,IHC10),IH(11),IH(12),IH(13),IH(14),IH(3&),
1 IH(34),IH(A4S),IH(19),IH(26),1IH(27),IH(28)
FORMAT(11X,14,4X,5A2,3X,A2,5X,A2,18,6X,A2,3X,3(A2,1X))
GO TO 5515

IC=IH(34)

IF(IC.EQ.2H75) WRITE(LU,S5522) I,(IH(J),J=10,14)
IF(IC.EQ.2H7S) GOTO 5515

IF(IC.NE.2H71) GOTO 5510

IF(I.LE.IFLAG+1) GOTO 5510

IFLAG=I

WRITE(LU,S524) I,(IH(J),J=10,14)
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0617 5522 FORMAT(* ,14,4X,SA2,3X,"..... Y?0: TEST SET-UP ....."™)
0618  S524 FORMAT(11x,14,4%X,SA2,3X,"..... Y @: MODAL SET-UP .....")
0619  S51% I[II=ITI+1
0620 IFCISSWC0).LT.0) GOTO 5510
0621 IF(ITL.GE.NLINDGD TO S507
0622 GO TO $540
0623  S507 IF(LU.EQ.1) GOTO $%08 ‘
0624 WRITE(LU,50B0)
062% 5508 WRITE(LU,S5502)
0626 IF(LU.EQ. 1) NLIN=31
0627 I11=0
0628 5510 CONTINUE
6629 GO TO 200
0630 C
0631 C "RUN-LOG" TYPE 4
0632 C
0633 C LIST FMIN , FCNTR , FMAX , FDELT FOR ZOOM RANGES
0634 C UNDER GIVEN TEST I.D. BETWEEN RECORDS IPAR2 A IPAR3
063% C©
0636 S600 IF(LU.ER.1) WRITE(LU,S028)
0637 WRITE(LU,S5602) (IT(I),I=4,5)
0638 5602 FORMAT(/,10X,"TEST 1.D. : ",5A2)
0639 WRITE(LU,5604)
0640  S604 FORMAT(/,7X,"Z00M",27X, "FREQUENCIES",/,6X, "RANGE",6X,
0641 $ "MINIMUM",9X,"CENTER",BX, "MAXIMUM", 10X, "DELTA",/)
0642 DO 5606 I=1,6
0643 FN(I)=0,
0644 FC(I)=0,
0645 FM(I)=0,
0646 FD(I)=0,
0647  S606 CONTINUE
0648 DO 5620 I=IPARZ,IPAR3
0649 IFCISSW(14).LT.0) GOTO 200
0650 CALL KYED(2HMS,31,I)
0651 CALL KYBD(2HMS,i1)
0652 CALL CHKID(IT,IC)
0653 IF(IC.EQ.D) GDTD S620
0654 IC=I0R(IAND(IH(34),77400R) ,608)
0655 IFC(IC.ER.2H70) GOTD S620
0656 I1I=0
0657 DO 5608 I1=4,10
0658 IF(IZR(II) . NE.IH(36)) GDTO S608
0659 I11=1I1
0660 5608 CONTINUE
0661 IF(III.EQ.D) GOTD S620
0662 IFC(FC(III).EQ.D) GOYD 5640
0663 FTEST=RH(1)+RH(2YXFLDAT (IH(S)/2)
0664 FTEST=ABS(1.0 - FTEST/FM(III))
0665 C
0666 € XKKKKKKK FTEST & FM WITHIN 1% 7 KRRKKRRKR
0667 C
0668 IF(FTEST.LT.0.001) GOTO S620
0669 IFCISSW(15).LT.0) GOTO 5620
0670 WRITE(LU,S611) IH(34),1
0674 S641 FORMAT(® DISCREPENCY IN FREQUENCIES FOUND FOR",
0672 % 1X,"200M RANGE ",A2," AT RECORD",I4)
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1673 GO TO 5620

0674 S640 FNC(III)=RH(1)

0675 FD(III)=RH(2)

0676 FTEST=RH(2)XFLOAT(IH(S)/4)

0677 FC(III)=RH(L)+FTEST

0678 FM(ITI)=FC(III)+FTEST

0679 S620 CONTINUE

0680 DO S$5630 I=1,10

0681 IF(FCC(I) LEQ.0) GATO S630

0682 WRITE(LU,S63S5) IZR(I),FN(I),FC(I),FM(I),FD(I)

0683 5635 FORMAT(8X,A2,4F15.7)
0684 5630 CONTINUE

068% GO TO 200

0686 C

0687 € KKKIKKKKKIKKIOKKKK KKK KKK AR AR K KKK K A KKK AR HOK KKK KKK KKK K
0688 C PUNCH TEST SET-UP

0689 C  OKKKIKKIOKIKIOKKKKAKKHOK KKK AR KKK AR KKK KKK KKK KKK KK KKK KKK KKK
0690 C

0691 6400 LU=4

0692 C

0693 C PUNCHED PAPER TAPE MUST BEGIN WITH AN ASTERISK

0694 C

0695 WRITE(LU,6401)

0696 6401 FORMAT("X")

0697 C

0698 WRITE(LU,B8125) (IT(I),I=1,5)

0699 WRITE(LU,8135) (ID(I),I=1,3)

0700 WRITE(LU,6403) IREC,IXP(4),KTYPE,IXP(2),IXP(3),IXDIR,

0704 $ LMN,LSN,NDIR,IFLAG2,IFLAG3

0702 6403 FORMAT(2I4,4A2,2110,312)

0703 DO 6404 1=1,3

0704 6404 WRITE(LU,640%) I,MNCI),ISNCI),TCALCI)
0705 640% FORMAT(I3,2140,E15.7)

0706 WRITE(LU,6406) KZOOM,KTEST,NZR
0707 6406 FORMAT(3I2)
0708 DO 6407 I=1,S
0709 6407 WRITE(LU,7441) ICF(I),IBW(I),IR(I),TAVG(I),I0VL(I)
] 0740 GO TO 200
' 0741 C
0742 C  HRKKKKRKKIORKIOKKKKORIOKK KKK KRR IR KKK KK KR KKK KKK KKK KKK KK
0743 C PHOTOREAD OPTION FOR INPUTTING TEST SET-UP
0744 C  00KKKKKKKRKKOKKORKORKKOKKIOK KKK KKK KRR K KKK KKK
_ 0745 € ]
0746 6500 PAUSE 1
0717 LU=S
0718 C
0749 C SEARCH LEADER FOR AN ASTERISK
0720 C
0721 CALL POSIT(S)
0722 C
0723 READ(LU,8125) (IT(I),I=1,5)
0724 READ(LU,B8135) (ID(I),I=1,3)
072% READ(LU,5403) IREC,IXP(1),KTYPE,IXP(2),IXP(3),IXDIR,
0726 $ LMN,LSN,NDIR,IFLAG2,IFLAG3
0727 DO 6503 I=4i,3
0728 6503 READ(LU,640%) I,MN(I),ISNCI),TCAL(I)
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0729 READ(LU,6406) KZOOM,KTEST,NZR
0730 DO 6505 I=1,S

0731 6505 READ(LU,7441) ICF(I),IBWCI),IRCI),IAVG(I),I0VL(I)

0732 I=ISWR (40R,0,0)

0733 IPARL=0

0734 GOTO 7000

0735 C

0736 € RKIORKKIORKIORIKKORKIOKK IR IOK KKK KKK K KKK
0737 C WRITE TEST SET-UP INFORMATION ( W)

0738 C RKKEORKKROOKKORKKAOKKHORK KK ORI IORK KKK KKK IOKK KKK KKK KK
0739 C

0740 7000 CALL IOSW(LU,0)

0741 IF(LU.EQ.4) GOTO 6400

0742 IFC(IPARL.GT.3) IPARL=0

0743 IF(LU.EQ.1.AND.IPARL.LT.0) WRITE(LU,5028)

0744 IF(IPARL.EQ.4) GOTO 7300

0745 IF(IPARL.EQ.2) GOTO 7400

0746 IFCIPARL.EQ.3) GOTO 7500

0747 C

0343 g WRITE TEST ID & DATE  %ARKiRKIRIKIKKIKKIOKKKKK

0749

0750 WRITECLU,7204) (ITC(ID),Il=1,5)

0751 7201 FORMAT(///,30X," TEST ID :  ",5A2)

0752 WRITE(LU,7202) (IDCII),I1I=1,3)

0753 7202 FORMAT(/,10X," DATE : *,3¢(A2,1X))

0754 WRITE(LU,7203) IREC

0755 7203 FORMAT(/,10X," DATA START RECORD : *,IS)

0756 IF(IPARL.EQ.0) GOTO 200

0757 IFCISSW(14).LT.0) GOTO 200

0758 C

0759 C WRITE EXCITER AND TRANSDUCER INFORMATION  %kkkkx

0760 C

0764 7300 IF(IFLAG2.NE.0) GOTO 7340

0762 WRITE(LU,7309)

0763 7309 FORMAT(/,10X," NO LOAD CELL OR TRANSDUCER INFORMATION")
0764 IF(IPARL.EQ.2) GOTO 200

0765 GO TO 7400

0766 7310 WRITE(LU,7304) IXP(i),IXDIR

0767 7301 FORMAT(///,10X," EXCITER POSITION : “,I4,/,10X,

0768 1 " EXCITER ORIENTATION : *,A2)

0769 WRITE(LU,7302) LMN,LSN

0770 7302 FORMAT(/,10X," LOAD CELL MODEL % *,I{i,/,10X,

0771 { " LOAD CELL SERIAL % ",I10)

0772 IF(NDIR.EQ.0) GOTO 7306

0773 WRITE(LU,7303)

0774 7303 FORMAT(///,10X," RESPONSE TRANSDUCER(S)",//,11X, "NUMBER",
0775 1 9X,"MODEL #",10X,"SERIAL #",6X,"CALIBRATION",/)

0776 DO 7304 II=1,NDIR

0777 WRITE(LU,7305) II,MNCII),ISNCII),TCALCII)

0778 7305 FORMAT(10X,I4,7X,140,8%X,140,5X,F12.3)
0779 7304 CONTINUE
0780 7306 IF(IPARY.EQ.1) GOTO 200

6781 IF(ISSW(14) .LT.0) GOTO 200

| o782 C

? 0783 C WRITE ZOOM INFORMATION 20K 20K KKK K KK 2K KK 3K KK KK
0764 C
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IF(IFLAG3.NE.0) GOTO 7401

WRITE(LU,740%)

FORMAT(/,10X," NO ZOOM TEST INFORMATION")

GO TO 200

WRITE(LU,7408) KTYPE

FORMAT(//,10X," DATA TYPE CODE:",2X,A2)

IF(KTEST.EQ.0) WRITE(LU,7411)

IFCKTEST.EQ.1) WRITE(LU,7421)

FORMAT(/,10X,“ TEST TYPE :  IMPACT")

FORMAT(/,10X," TEST TYPE :  RANDOM™)

IF(NZR.EQ.0) GOTO 200

IF(KZOOM.EQ.0) WRITE(LU,7431)

IF(KZOOM.EQ. 1) WRITE(LU,7432)

FORMAT(/,10X," CNTRFRR",3X, "BNDWDTH",4X, "BGNREC", 3X,
"NUMAVGS“,3X, "OVLPFAC™)

FORMAT(/,10X," CENTER FREQ",6X,"BANDWIDTH" 5X,"NOQ. AVERAGES")

DO 7440 II=1,NZR

IF (KZOOM.EQ.1) GOTO 7443

WRITE(LU,7441) ICFC(II),IRW(IL),IR(II),IAVG(II),I0VL(IT)
GO TO 7440

WRITE(LU,7442) ICF(II),IBW(IL),TAVG(IT)

FORMAT (6X,5140)

FORMAT (AX,3115)

CONTINUE

GO TO 200

WRITE HEADER INFO STORED WITH DATA RECORD IPARZ2

IF(IPAR2.LT.0.0R.IPAR2,.GT.IRECMX) GOTO 338

CALL KYBD(2HMS,31,IPAR2)

CALL KYRD(2HMS,11)

IF(IH(6) .EQ.1234%) GOTO 7598

IFC(IPAR3,GE.0) GOTO 7600

IF(LU.EQ.1) WRITE(LUY,S5028)

WRITECLU,7502) IPARZ

FORMAT(410X, "HEADER INFORMATION FOR RECORD",IS,/)
WRITE(LU,7504) (IH(I) ,I=10,14)

FORMATC(/, 40X, "TEST T.D..vvuvrrenrrnnee..",502)
WRITE(LU,7506) (IH(I),I=26,28)

FORMATCLOX, "DATE . v v vrvrnenreneeees ™, 382,7)

WRITE(LU,7508) IH(16),IH(17)

FORMAT (10X, "POINT NUMBER. .. .....0vvv0 ™, 202)

WRITE(LU,7540) IH(19)

FORMAT(10X, “TRANSDUCER ORIENTATION....",2X,A2,/)

WRITE(LU,7516) IM(36),IH(34)

FORMAT (10X, "ZOOM RANGE ., ... v v vvuvas . ™,2X,R2,7,
£OX, "DATA TYPE . v vvvrvunrnserd®,2X,A2)

WRITE(LU,7S541) IH(51)

FORMAT (10X, "TRANSDUCER NUMBER.........",I3,/)

WRITE(LU,7S£2) IH(21),IH(22)

FORMAT (10X, "EXCITER LOCATION..........",242)

WRITE(LU,7S14) IH(24)

FORMAT (10X, "EXCITER ORIENTATION.......",2X,A2,7)

WRITE(LU,7548) (IH(I),I=47,50)
FORMAT (10X, "TRANSDUCER MODEL NUMBER...",I6,/,
10X, "TRANSDUCER SERIAL NUMBER..",16,//,
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18414 & 10X,"iL0AD CELL MODEL NUMBER,...",I16,/,

0842 3 10X,"LOAD CELL SERIAL NUMEER...",16,/)

0843 WRITECLU,7%20) (RH(I),I=1,3)

0844 7520 FORMAT (10X, "MINIMUM FREQUENCY......... “,F1%.7,7,
0845 2 10X,"DELTA FREQUENCY...........",F15.7,//,

0846 3 10X,"DATA CALIERATION NUMRER...",Fi15.7,/)

6847 GO TO 2040

0848 7598 WRITE(LU,7599) IPAR2
0849 7599 FORMAT(/,"RECORD",I4," IS CLEARED")

0850 GO TO 200

0851 C

ggsa2 C WRITE HEADER WORD NUMEBER IPAR3 FOR RECORD IPAR2

0853 C

0854 7600 WRITE(LU,7S02) IPAR2

0855 WRITE(LU,7640) IPAR3J

0856 7610 FORMAT(10X,"WORD",14," CONTAINS :",/)

08Ss7 IF(IPAR3.LT.10) WRITE(LU,7615) IH(IPAR3Z)

0858 IF(IPAR3.GE,10,.AND.IPAR3.LT.45) WRITE(LU,7620) IH(IPAR3)
0859 IF(IPAR3,GE.AS ,AND.IPAR3Z.LT.7S) WRITE(LU,7630) IH(IPARZ)
0861 IF(IPAR3.LTY.75) GOTO 200

0864 IPAR3=(IPAR3-73)/2

0862 WRITE(LU,7640) RH(IPAR3)

e -

0863 7615 FORMAT (40X ,@7,"B")
0864 7620 FORMAT(10X,A2)
0865 7630 FORMAT(10X,I1410)
0866 7640 FORMAT(10X,EL15.7)

0867 GOTO 200
0868 C
0869 C  KKKKHKKKKKIKKIKARAMIRARKIR IR IOR KKK KKK KKK KORKK KRR KK
0870 C ENTER TEST SET-UP THRU KEYBOARD ( K )
0874 C  SOKKIOKKKARKIORIIORKK IR KRR IR KKIORKAIOR KKK K KKK KKK KKK KKK
0872 C
0873 8000 CALL IOSW(LU,%)
0874 IF(LU.EQ.S) GOTO 6500
0875 IF(IPARL.LE.0) IPAR1=0
0876 IF(IPARL.EQ.0) GOTO 8100
0877 IF(IPARY .EQ.1) GOTO 8200
0878 IF(IPARL.EQ.2) GOTO 8300
0879 GO TO 338
0880 C
oee; g KEYBOARD 0 RAOKKKKKKKKK TEST ID & DATE  RRKKKKKKKKKKK
088
0883 8100 DO 8141 II = {,5
0884 8411 IT(II) = 2H
0885 WRITE(4,8120)
0886 8120 FORMAT(/,"ENTER TEST I.D. ")
i 0887 READ(1,8125) (IT(II),II=1,5)
0888 8125 FORMAT(SA2)
0889 WRITE(4,8430)
0890 ©130 FORMAT(/,"ENTER DATE :")
0891 READ(1,8435) ID(1),ID(2),ID(3)
0892 8135 FORMAT(3A2)
0893 WRITE(1,8140)
0894 B8140 FORMAT(/,“ENTER DISK STORAGE START RECORD :*)
0895 READ(1,%) IREC
0896 IF(IREC.LE.0.OR.IREC.GT.IRECMX) IREC=1
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GO TO 200
KEYBOARD 1 0kKKkdokkkkk LOAD CELL & TRANSDUCER  XX¥XkxX
K 1 0 : INITIALIZES SET-UP

8200 IF(IPAR2.NE.0) GOTO 8205
IFLAG2=0
16(1)=0
NDIR=1
LMN=0
LSN=0
IXDIR=2H
DO 8202 II=1,3
IX(IT)=I1
MNC(II)=0
ISNCIT) =0
TCAL(II)=1.0
IXP(IT)=2H
8202 CONTINUE
IXP(§)=0
IF(IDUMi .EQ.-1) GOTO 8300
GO TO 200
8205 IFLAG2=1
WRITE(1,8210)
8240 FORMAT(/,"ENTER EXCITER POSITION AND DIRECTION: [ INTEGERS 1")
READ(1,%) IXP(1),IXDIR
CALL CODIT(IXP(4),IXDIR)
WRITE(1,B8220)
8220 FORMAT(/,"ENTER LOAD CELL MODEL # AND SERIAL # : ")
READ(4,%) LMN,LSN
WRITE(1,8230)
8230 FORMAT(/,"ENTER NUMBER OF RESPONSE DIRECTIONS :*)
READ(1,%) NDIR
IF(NDIR.EQ.0) GOTO 200
WRITE(1,8240) NDIR
8240 FORMAT(/,"ENTER",I3," RESPONSE TRANSDUCER’S",/,
£ " MODEL NUMEHER , SERIAL NUMBER , CALIBRATION NUMBER :")
DO 8245 II=1,NDIR
8245 READ(1,%) MN(II),ISNC(II),TCAL(II)
GO TO 200

KEYBOARD 2  kkkkkkkkokkk ZOOM INFORMATION  20KkXKKKKKK
K 20 : INITIALIZES SET-UP

8300 IF(IPAR2.NE.0) GOTO 830%
IFLAG3=0
NZR=(
KZOOM=1
KTEST=-1{
KTYPE=2H20
DO 8302 II=4,S
ICF(ID)=0
IBW(II)=0
IR(II) =0
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IAVG(IT) =0
IOVL(II)=0
8302 CONTINUE
IF(IDUML .EQ.-1) GOTO SO0
GO TO 200
8305 IFLAG3=1
WRITE(1,8306)
8306 FORMAT(/,"ENTER DATA TYPE CODE (2 CHARACTER):")
READ(1,8307) KTYPE
8307 FORMAT(A2)
WRITE(4,8330)
8330 FORMAT(/,"ENTER ZERO FOR IMPACT OR ONE FOR RANDOM ")
READ(1,%) KTEST
8304 WRITE({,B8310)
8310 FORMAT(/,"INPUT NUMBER OF ZOOM RANGES :")
READ(1,%) NZR
IF(NZR.LE.0) GOTO 200
IF(NZR.GT.S) GOTO 8304
WRITE(41,8345)
8315 FORMAT(/,"ENTER 1 FOR ON-LINE ZOOM OR“,/,
$ 7X,"0 FOR OFF-LINE ZDOM :")
READ(1,%) KZOOM
IF(KZOOM.EQ. 1) WRITE(4,B8349)
IF(KZOOM.EQ.0) WRITE(1,8320)
8319 FORMAT(//,"FOR EACH ZOOM RANGE INPUT :",/,"CENTER FREQUENCY ,", |
$ 1X,"BANDWIDTH , NUMBER OF AVERAGES")
8320 FORMAT(//,"FOR EACH ZOOM RANGE INPUT :",/," CNTR FREQ , auounrn“j
j
1
|
i

1 " , BEGNG REC , NO. AVGS , OVRLP FAC™)
DO 8325 II=i,NZR
IF(KZOOM.EQ. 1) GOTO 8322
IF(KZOOM .EQ.0) GOTO 8324
8322 READ(1,%) ICF(II),IBW(II),IAVG(II)
GO TO 8325
8324 READ(i,%) ICF(II),IRWCII),IRCII),IAVG(II),I0VL(II)
832% CONTINUE

GO TO 200
ROKHEK K KKK 0 00K 38 8 300030 300303 KKK KKK K K 0K K KKK K KK K KK K K K
SUCH AS MODEL® , SERIAL® OR CALIBRATION® « CV)

{
|
REPLACE DATA ASSOCIATED WITH A PARTICULAR TRANSDUCER 1
A2 00RO KRR K K K KKK RS K KKK KK 2K 2K 2K 2 K K K K ko XK ?

l

2000 WRITE(1,104%)

READ(1,1017) IANS

IF(IANS .EQ.4HY ) GOTO 9400
90014 IF(ISSW(44).LT.0) GDOTOD 200
9009 ISER=0

WRITE(1,9007)
9007 FORMAT(/,"ENTER TRANSDUCER NUMBER",/,

$ “OF DATA TO BE CORRECTED :")

VALID NUMBERS ARE 0,1,2,3

READ(1,%) N
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1009 IF(ISSW(14).LT.0) GOTO 290

10410 IF(N.GE.0.AND.N.LE.3) GOTO %00

1611 C

1012 C IF TRANSDUCER NUMBER IS NOT VALID THEN USE

1013 C SERIAL NUMBER FOR SEARCH,

1014 C

1015 ISER=1

1016 WRITE(L,9008)

1047 2008 FORMAT(/,"ENTER SERIAL NUMBER INSTEAD:")

10418 READ(i,%) N

1019 IF(ISSW(14).L.T.0) GOTO 200

1020 IF(N.GT.0)> GOTO 9002

1024 WRITE(1,9010) N

i022 90140 FORMAT(/,I15," : INVALID NUMEBER")

1023 GO TO 9009

1024 9002 WRITE(1,41030)

1025 READ(L ,X) IK

1026 IF(ISSW(14) .LT.0) GOTO 200

1027 CALL HDRWD(IK,I) ,
1028 IF(I.NE.0) GOTO 9003 j
1029 WRITE(1,1044) IK

1030 GO TO 9002 i
10314 9003 IFC(I.NE.1) GOTO 9005 i
1032 WRITE(1,9004) IK 5
1033 9004 FORMAT(/,"TO CHANGE WORD NUMBER",I3," USE THE",/,

1034 $ "REPLACE COMMAND (/RO™)

103% GO TO 200

1036 2005 WRITE(1,1044) IK

1037 IF(ISSW(14) .LT.0) GOTO 200

1038 IF(IK.GE,7S) READ(1,%) CRH(1) 4
1039 IF(IK.GE, 45, AND.IK,.LT.75) READ(L,%) NIH(1)

1040 IF(IK.NE.419) GOTO 9020

10414 READ(L,4210) NIH(1)

1042 IF(NIH(1) .EQ.2H-X) NIH(1)=2HX~

1043 IF(NIH(1) . EQ.2H~Y) NIH(1)=2HY~

1044 IF(NIH(1) .EQ.2H-Z) NIH(1)=2HZ-

104% 9020 DO 9100 I=IPARL,IPAR2

1046 IF(ISSW(14).LT.0) GOTO 9200

1047 CALL KYBD(2HMS,341,I)

1048 CALL KYBD(2HMS,11)

1049 IF(IH(6) .NE,S25258) GOTO 9400

1050 CALL BCHK(IBS,IH(S))

1054 C

iosz2 C IFf TRANSDUCER NUMBER IS ZERO THEN REPLACE WITHOUT CHECK

1053 C

1054 IF(N.EQ.0) GOTO 902S

1055 IFC(ISER.EQ.0.AND,IH(S4) . NE.N) GOTO 9100

1056 IF(ISER.EQ.1 .AND.IH(48).NE.N) GOTO 9400

1057 9025 IF(IK.GE.75) GOTO 2030

1058 THC(IK)=NIH(L)

1059 GO TO 9040

1060 9030 IJ=(IK-73)/2

1061 RH(IJ)=CRH(1)

1062 9040 CALL KYBD(2HMS,31i,~-1,4)

1063 CALL KYBD(2HMS,21)

1064 9400 CONTINUE
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1065 GO TO 200
1066 C
1067 C EXIT BEFORE COMPLETING ALL RECORDS
1068 C
1069 9200 IF(I.EQ.IPAR1) GOTO 200
1070 1)=1-4
1074 WRITE(1,9210) 1J,I |
1072 9210 FORMAT(/,"RECORDS THROUGH",I4," HAVE BEEN SEARCHED",/,
1073 $ "RECDRDS FROM",I4," ON HAVE NOT BEEN ALTERED") :
1074 GO TO 200 i
1075 C
1076 C LIST HEADER WORD INFORMATION
1077 C
1078 9400 I=9004%
1079 GD TO 9440
1080 94041 1=9501
1081 9410 CALL IOSW(NU,0)
1082 IF(NU.EQ.1) WRITE(NU,S028)
1083 WRITE(NU,1810)
1084 WRITE(NU,1849)
108% WRITE(NU,?420)
1086 9420 FORMAT(412X,"49",14X,"TRANSDUCER ORIENTATION")
1087 WRITE(NU,1817)
1088 WRITE(NU,9430)
1089 9430 FORMAT(12X,"47",44X, "RESPONSE TRANSDUCER MODEL #",/,
1090 1 12X,"48",11X,"RESPONSE TRANSDUCER SERIAL &",/,
1094 2 12X,"S1",41X, "RESPONSE TRANSDUCER NUMBER")
1092 WRITE(NU,1848)
1093 WRITE(NU,9440)
1094 9440 FORMAT(42X,"79",11X,"DATA CALIBRATION OR RECORD #",/)
109% IF(1.EQ.9504) GOTO 9504
1096 GOTOD 9004
1097 C
098 ©  MOKNRMOKN KKK K KK K 3 38 0 000000 30 0300 0 3830 0 5K 3000 3 5030 3 5835 35030 003 3 0K 3K 3 3 3 0 oK K oK oK K
1099 €
1400 C INTERCHANGE TRANSDUCER INFORMATION «tX )

| 1101 C
£402  C OKMORRMMORM NN N K K K K K 3K 0 3 30 3000 00K 0 3 3 3 3200 0 20 00K 0 3 23 o oo
1103 C
1104 9500 WRITE(4,3030)IPARY,IPAR2

L 1.10S 3030 FORMAT(/,"YOU ARE ABOUT TO ALTER RECORDS",IS," THROUGH",

} 1106 i1 IS,/,"1S THIS CORRECT ? (YES OR NO) ™)
1107 READ(4,1017) IANS
” 1108 IF(IANS.NE.1HY ) GOTO 200
‘ 1109 WRITE(1,4045)
1110 READ(1,1047) IANS
11114 IF(IANS.EQ.2HY ) GOTO 9404
1112 9501 WRITE(1,8420)
1113 READ(%,8125) (IT(I),I=1,%5)
1114 IF(ISSW(14).LT.0) GOTO 200
1145 9505 WRITE(4,8230)
1116 READ(41,%) ND
1117 IF(ND.LT.4.0R.ND.GT.3) GOTO 9505
1118 WRITE(L,9506)
1149 9506 FORMAT(/,"ENTER NEW AND CORRESPONDING OLD TRANSDUCER NUMBERS")
1120 C
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1121 C THIS TABLE WILL INDICATE WHICH DATA WILL BRE STORED WHERE
1122 C IE: THE RECORD WITH THE FIRST NUMBER (NEW) WILL RECEIVE

1123 C THE DATA NOW STORED IN THE RECORD WITH THE SECOND (OLD)

1124 C NUMBER .

iias C

1126 DO 9508 I=4i,ND

1127 2508 READ(1,%) NX(I),NY(I)
1128 9518 DO 9543 I=4,5
1129 9513 IYY(1)=-9999

1130 WRITE(1,9514)
11314 9514 FORMAT(/,"ENTER HEADER WORD NUMBERS",iX,
1132 1 “TO BE INTERCHANGED",/,"(19,47,48 AND/OR 79) ",3X,
1133 2 "(TERMINATE LIST WITH A ZERD)™)
1134 C
1135 € THE ABOVE STATEMENT DOES NOT INCLUDE WORD Si , HOWEVER THE
1136 C PROGRAM ALLOWS IT TO BE INTERCHANGED ALSO.
1137 C IT IS NOT INCLUDED BECAUSE THE USER MAY SIMPLY COPY THE
1138 € NUMBERS AND Si IS ONE THAT SHOULD NOT BE CHANGED INDISCRIMANTLY
1139 ¢ ‘
1140 DO 9515 I=1,5 :
1144 READ(4,%) IK i
1142 IFCIK.LE.0) GOTD 9540
1143 CALL HDRWD(IK,J)
1144 IF(ISSW(14).LT.0) GOTO 200
1145 IF(J.EQ.2) GOTD 9547
1146 WRITE(4,1044) IK
1147 GO TO 9548
1148 9517 IYY(I)=IK
1149 9515 CONTINUE
£150 9510 WRITF{4,9507)
1154 9507 FORMAT(/,"ENTER POINT NUMBERS WHERE TRANSDUCER ",iX,
1152 § "INFGRMATION",/,*IS TO EE INTERCHANGED (TERMINATE LIST",iX,
1153 2 "WITH A ZERDO™)
1154 1=0
1155 9509 J=-9999
1156 K=~9999
1157 READ(1,%) J,K
1158 IF(K.GT.0)> GOTO 95114
1159 IF(J.LE.0) GOTO 9520
1160 I=1+1
1161 IXX(I)=J
1162 GOTD 9509
‘ 1463 9514 M=i
1164 IF(J.GT.K) M=-4
1165 9542 I=I+4
1166 IXX(I)=J
1167 IF(J.EQ.X) GDTD 9509
1168 J=J+M
1169 GO TDO 9512
1170 9520 IF(I.LE.0) GOTD 200
1471 WRITE(1,9525)
$1172 9525 FORMAT(/,"LIST POINT NUMBERS ? (YES OR NO)")
1173 READ(1,4047) IANS
1174 IF(IANS,.NE,.41HY ) GOTO 9528
1175 CALL IOSW(LU,0)
1176 WRITE(LU,9526)
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1177 9526 FORMAT(/,"POINT NUMBERS“,/)
1178 DO 9529 J=i,1
1179 WRITE(LU,9527) IXX(J)

1180 9527 FORMAT(1S)
1181 9529 CONTINUE

1182 WRITE(4,9521)

1183 9521 FORMAT(/,"ARE POINTS CORRECT? (YES OR NO)*)

1184 READ(1,1017) IANS

1185 IF(IANS,NE.L1HY ) GOTO 9510

1186 C

1187 C NO EDIT OF POINT NUMBERS ALLOWED

1188 C

1189 9528 M=IPAR{

1190 DO 9590 KJI=1,I

1191 9530 NP=0

1192 C

1193 € FOR EACH POINT SEARCH FOR A NUMBER OF RECORDS

1194 C EQUAL TO THE NUMBER OF DIRECTIONS.

1195 C

1196 DO 9550 J=M,IPAR2

1197 IFCISSW(14).LT.0) GOTO 9600 :
1198 CALL KYBD(2HMS,31,J) .y
1199 CALL KYBD(2HMS,11) |
1200 CALL CHKIDCIT,IC) 3
1201 IFCIC.EG.0) GOTO 9550 :
1202 IFCIH(45) .NE.IXX(KJ)) GOTO 9550 i
1203 NP=NP +1

1204 C

1208 € TEST FOR TOO MANY RECORDS FOUND FOR THIS POINT

1206 C

1267 IF(NP.GT.ND) GOTO 9552 ;
1208 IM(NP)=J

1209 IF(NP.EQ.1) GOTD 9540

1210 NP 4=NP-1

1214 C

1212 C TEST TO SEE IF THIS DIRECTION HAS ALREADY BEEN FOUND !
1213 C

1214 DO 9535 MJI=1,NPi 7
1215 IF(IM(MJ) .NE.J) GOTO 9535

1216 NP=NP {

1217 G0 TO 9557

1218 9535 CONTINUE

1249 C

1220 C TEST TO SEE IF ALL DIRECTIONS HAVE BEEN FOUND

1221 C

1222 9540 IF(NP.LT.ND) GOTO 9550

1223 G0 TO 9560

1224 9550 CONTINUE

1225 IF(NP.LT.ND,AND.M.EQ.IPARL) GOTO 9557

1226 M=IPARY

1227 GO TO 9530

1228 9552 WRITE(4,9553) IXX(KJ)
1229 9553 FORMAT(/,"POINT NUMBER",I4," HAS MORE DIRECTIONS THAN",1iX,

1230 $ "SPECIFIED",/,"THIS POINT WILL BE SKIPPED")
1234 GO TO 92%90
1232 9557 WRITE(L,9558) IXX(KJ),NP,ND
A-184
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1233
1234
1235
1236
1237
1238
1239
1240
1244
1242
1243
1244
1245
1246
1247
1248
1249
1250
12514
iasa
1253
1254
1255
1256
1257
1258
1259
1260
1264
1262
1263
1264
1265
1266
1267
b 1268
1269
1270
1274
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1268

D et
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9558

9560

?S61

9563

9567

9564
9562

9566
9568

sNely!

9570
9590

9600

o000

9602

L 3]

oao0onn

FORMAT(/,"POINT NUMRER",I4,/,
4 "ONLY",I3," OF THE",I3," DIRECTIONS FOUND",/,

2 "THIS POINT WILL BE SKIPPED")

GO TO 9590

M=J

DO 9561 J=1,ND
NZ(J)=IM(J)

DO 9562 J=1,ND

CALL KYBD(2HMS,34,NZ(J))
CALL KYBD(2HMS,$1)
K=IH(51)

DO 9563 KK=1,ND

IF (NX(KK) .EQ.K) GOTD 9564
CONTINUE

WRITE(1,9567) IXX(KJ)

FORMAT(/, "ERROR IN TRANSDUCER NUMBER FOR POINT",I4,/,
$ "THIS POINT WILL BE SKIPPED")

GO TO 9590

IMKK)I=NZ(T)

CONTINUE

CALL KYBD(2HMS,31,IM(1))
CALL KYBD(2HMS,11)

CALL SORTCIYY(L),NIHCL),IH(4) ,CRH(L) ,RH(1))
IF(ISSW(14) .LT.0) GOTO 9600

DO 9570 J=1i,ND

DO 9566 K=1,ND

IF(NY(K) . EQ.NIH(S)) GOTO 9568

CONTINUE

CALL KYED(2HMS,31,IM(K))

CALL KYBD(2HMS,11)

CALL BCHK(IBS,IH(S))

INTERCHANGE WHAT IS IN CORE WITH WHAT IS IN HEADER

CALL SORTCIYY(L),NIHC1),IHC(L) ,CRH(L) ,RH(4))
CALL KYBD(2HMS,31,-1,1)

CALL KYBD(2HMS,24)

CONTINUE

CONT INUE

GOTO 200

IF(KJ.EQ.1) GOTO 200

K=KJ-1

IF EXIT BEFORE ALL POINTS ARE DONE THEN PRINT
WHICH HAVE BEEN DONE AND WHICH HAVE NOT.

WRITE(L,9602) IXX(K),IXXC(KJ)

FORMAT(/,"POINTS THROUGH NUMBER",I4," HAVE HAD THE",/,
4 "TRANSDUCER INFORMATION INTERCHANGED. POINTS FROM“,/,
2 "NUMBER",I4," ON HAVE NOT BEEN ALTERED")

GO TO 200

KKK KKK K00 0030 0K 000 K0 K RO K OR KRR NOK R BOK RO R RO R KR K
EXIT FROM Y90
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1289 C *****#*X**##****#******#ﬂt********#t***t*##*#*t****#***#*###

1290 C

1294 9995 CONTINUE

1292 cALL KYED(2HES , IRSIZE)

1293 END

Xk NO ERRORSXX PROGRAM = 09865 COMMON = 00072
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1294
129%
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1340
13114
1342
1313

XX NO ERRORSXX

aooo

PAGE

10

20

SUBROUTINE HDRUWDC(IK,I)
I=0
IF(IK.EQ.40.0R,IK.EQ,24)
IF(IK.EQ.26.0R,IK.EQ.34)
IF(IK.EQ.36.0R.IK.EQ.4%)
IF(IK.EQ.46.0R,.IK.EQ.49)
IF(IK.EQ.50.0R.IK.EQ.75)
IF(IK.EQ.77) GOTO 40
IFCIK.EQ.19) GOTO 20
JF(IK.EQ.47.0R,1IK.EQ.48)
IF(IK.ER.51.0R.IK.EQ.79)
RETURN

I=4

RETURN

I=2

RETURN

END

PROGRAM = 004143

GOTO
GOTO
GOTO
GOTO

GOTO

GOTO
GOTO

HP 24477

i0
10
10
i0
10

20

20

(SEPT,

COMMON = 00000
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1314 C

13145 C

1316 C

1317 SUBROUTINE SORT(IYY,NIH,IH,CRH,RH)

1318 DIMENSION IYY(4),NIH(L),IH(1),CRH(4),RH(1)
1319 DIMENSION IJ(4)

1320 DATA 1J/19,47,48,541/

1324 C

1322 C THIS SUBROUTINE TAKES SPECIFIED HEADER INFO CURRENTLY
1323 C IN MEMORY AND EXCHANGES IT WITH TEMPORARY ARRAYS NIH & CRH
1324 ¢

1325 DO 10 I=1,5

1326 J=1YY (1)

1327 IF(J.LE.0) GOTO 20

1328 IF(J.GE.7S) GOTO S

1329 DO 2 K=1,4

1330 IF(J.EQ.IJ(K)) GOTO 3

1334 2 CONTINUE

1332 3 IT=IH(T)

1333 THCT)=NIH(K)

1334 NIH(K)=IT

1335 GO TO 10

1336 I=(J-73)/2

1337 T=RH(J)

1338 RH(T)=CRH(1)

1339 CRH(1)=T

1340 CONTINUE

1344 NIH(S)=IH(S51)

1342 RETURN

1343 END

Xk NO ERRORSXX PROGRAM = 00154 COMMON = 00000
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1344 C

1345 C

1346 C

1347 SUBROUTINE BUHK(ISYSH,IDATRB)

1348 IF(ISYSE.EQ.IDATEB) RETURN

1349 CALL KYBD(2HEBS,IDATR)

1350 ISYSE=IDATE

1351 CALL KYBD(2HMS,341,-1,1)

1352 CALL KYBD(2HMS,1i1)

1353 RETURN

1354 END

kX NO ERRORSXxX PROGRAM = 00039 COMMON = 00000 |

i
F ]
|
k
ﬁ
b
|
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END$
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6002
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0004
0005
0006
0007
0008
0009
0010
0014
0042
0013
0014
0045
0016
0047
0048
0619
0020
goai
0022
0023
0024
002s
0026
0027
0028
{ 0029
0030
0034
0632
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0034 C
003% C
0036

0038
0039
0040
0041
0042
] 0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057 900
0058

aooo0

2222222 $Y907

SUBROUTINE YO0O0O0PCINTOT.IPAR)
THIS PROGRAM IS STORED UNDER

PROGRAMMER: R.J.ALLEMANG

MAIL LOCATION # 72

$Y?07

UNIVERSITY OF CINCINNATI

CINCINNATI, OHIOD
513-475-6670

REVISION DATE: DEC 17,1979

452214

2,IC1<¢4),IPTCM(L),LABREL(20) ,IPOINT( L)

EQUIVALENCE (LINE(2),LINEL)

COMMON ICOMM,MANRE ,MDVA,BETA,IBLS,IT(S),ID(3),IP ,NUMPT

1 ,NM, ICON, NCOM, XXX (3,40),IX(3,10),ICC10) ,NMP,XR(3),A(2,3)
,3),YYA(R,
3,FSHFT,DF ,MCF,1ZR,IL,IPARY,IPAR2,

2,0(3),IB(10) ,NCN(10),SF(2) ,XXA(2

EXTERNAL HDR8,DTADG , NMAX

DATA ICMMD/2HD ,2HV ,2H% ,2HEX,2H

12HM ,2H_ ,2HRD,2HA-, 2HAM,
22HCH, 2HSP , 2HX{ ,

32HX)> ,2HCV,2H( ,2HE ,2HL ,
42HW ,BHI ,2HK ,2HA+,2H/L,
S2H/ ./

3)

T=00004 IS ON CRO0403 USING 00058 RLKS R=0512

L2322 2333322 32080080383 38333 3080220883333 3228283000383333333330¢3¢8283323%]

KKK ORI KKK K KK KKK KK KK KKK KK 3 KK KSR K33 K 3 3K oK 0K 3 SKOK 30K K 3K K K 0K 3K KK KK 30K K 0K K 30Kk 0Kk K
DIMENSION IPAR(6),LINE(36),LINEL(3S),IZ(10),INQCH)
1,IDIV(L) ,ICHMMD(24) ,TH(L) ,IX4 (1) ,IYL(4) ,IDXC(1),IDY (1)

IPAR3,IPAR4,IPARS, IPARG
4,IFLAG,NS,NE,RMM(10) ,FRQ(10),ZETA(10)

I

G033 Co AR MKKOK KKK K KK KKK 0 K 3030 30K K KK K 0 KK KK OK B KKK K 30K KKK KKK K K K KK K K K K

UNIVERSITY OF CINCINNATI/LEUVEN MODAL ANALYSIS PROGRAM

PLOTTING PROGRAM TEK 4012

IBELL=78
IPAGE=15414F

CALL SETAD(HDRS,IH,-8,0)
ICOMM=0

IES=1024

CALL KYBD(2HES,IES,0)

CALL GETI(NMAX,IBLM)
ION=IBLM-1

ICM=TON-1

I1BM=2

I=1ONKIES+270

CALL SETAD(DTADO,IPTCM,I,~-1)
CALL RWCOM(0)

IF INITIALIZATION IS REQUIRED, LOAD Y 9%

IF (ICOMM.EQ.12345)G0 TO 900
CALL KYBD(2HMS,38,-7,1)
CALL OVLD(9)

CONTINUE

CALL SETAD(DTADO,IXi,0,-1) A-191

0037 C****#*******X***#*##**#**#**#*****#*X************##*****#***********###



0059 CALL SETAD(DTADO,IY1,256,~1)

0060 CALL SETAD{DTADO,IDX,512,-1)

0064 CALL SETAD(DTADO,IDY,768,~1)

0062 CALL SETAD(DTADO,ICL,1024,~-1)

0063 CALL SETAD(DTADO,IDIV,i536,~1)

0064 CALL SETAD(DTADO,IPOINT,1600,~1)

0065 NPD=IDIV(21)

0066 IFLG7=0

0067 MXOFF=1DIV(22)

0068 MYOFF=IDIV(23)

0069 MCSIZE=IDIV(24)

0070 MP1=IDIV(25)

0071 MP2=1DIV(26)

0072 IFLG7=IDIV(27)

0073 IF(IFLAG.EQ.4)G0 TO 1130

D074  CHRIIKIOOKKKRAOKKIICKROKKRIORRIK KK ORKIKK KA KIOK KKK KKK KKK SO KKK K KKK
0075 C START OF MONITOR

0076 CHRRINOKIKIORIOKKIRKKAOKKKIOKK KKK IKKICIOOK KKK K AOKIOK KK KKK KKK K KKK K KKK KK K

0077 1000 WRITE(L,1010)1IBELL
0078 1010 FORMAT("X", A2)

0079 I=ISWR(177677E,0,0)
0080 [PARL=-9999
0081 IPAR2=-9999
0082 IPAR3=-9999
| 0083 IPARA=-9999
! 0084 IPARG=-9999
0085 IPARA=-9999

0086 1020 DO 1030 I=1,36

0087 1030 LINECI)=2H,,

0088 1040 CALL TTYINCLINE)
0089 1042 CaALL TEST(i,IST,LOG)

SETTTEAN e —
T T T v = ey

0090 IFCIST.LT.0)GO0 TO 1042

0091 CALL CODE

0092 READ(LINE,14120)IL

0093 IF(ICOMM.EQ. 4234560 TO 111495

0094 C

0095 C FUT A CHECK FOR ANY COMMANDS THAT ARE NOT TO BE
0096 C EXECUTED UNLESS ENQUGH SET-UP IS PRESENT
00y7 C

0098 111S CONTINUE
0099 1120 FORMAT(A2)

0100 CALL CODE

04104 READ(LINEL ,%)IPARL ,IPAR2,IPAR3,IPARA,IPARS ,IPARS

02 CRAARNN NN K AN NN K NI AN IR K IOK N K K K KK KK K KKK OK JOKR MK K OK XOK K KKK K K K
0103 C MONITOR COMMAND TABLE

0204 CORBMMBMBM€MMBNMNIK KK H0K K KK I K MK K KK 0K 33K 00K KKK KKK KKK R AOKKOR KK KRR K KKK
010S 1130 IFLAG=0

04106 CALL RWCOM(1L)

0407 IF(IL.EQ.2H#$)G0 TO 1000
0108 ~NCMMD=24

0109 DO 1138 I=41,NCMMD

0410 IFCIL.EQ.ICMMD(I))GOD TO 1144

01114 1138 CONTINUE )
0112 1139 WRITE(L,1140)
0443 1140 FORMAT(/,"ERROR-ILLEGAL COMMAND")

0ii4 GO TO 1000

0115 1144 IF(I.GV.40)GO TO 1146

0116 GO TO (9004,9004,9004,9004,9004,9004,9004,9004,9004,9004),1
0117 1146 I=1-10

0118 IF(I.GT.40)GO 70 1148
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0119
0120
0121
0122
0123
0124
0125
0126
0427
0128
0129
0130
043¢
0432
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142

1148

o000

7000

2000

020K 00K KK KOK KK KO KKK KKK KK KK KK K KK K K 30K 0K 3K 50K K KK K KK 0K KK OK KK K K KOK K KKK 0K K 3K KKK K %

c

0 00KOK K 0050 K3 2K 0 K K 3K 3K K KK K K KK K K 33K K 3K 3 K K K KKK K K KK KKK K 3K K K 30K K KK K K

8000

8009
8008

8236

804S

GO TO (9004,9004,9004,9004,9004,9995,8000,2000,9002,90041),1

I=I-18
GO TO (9004,9003,9008,7000),1

ENTER DATA TO SET UP POINT LABELING OF PLOT

CONTINUE

IF(IPARL .EQ.-9999)IPAR1=100
IF(IPAR2.EQ.-99992YIPAR2=100
IF(IPAR3 .EQ.-9999)IPAR3=100
IF(IPARA .EQ.-9999)IPAR4=1
IF(IPARS .EQ. -9999) IPARS=250
IFLG7=4

MXOFF=IPAR{

MYOFF=IPAR2

MCSIZE=IPAR3

MPi=1IPARA

MP2=1PARS

GO TO 1000

CONTINUE

IF(IPAR.EQ.37)G0 TO 9005
IF(IPAR.EQ.40)G0 TO 9006

PLOTS MODE SHAPES ON THE TEK 4012

CONTINUE

IF(IPARL .EQ.37)G0O TO 9005
IF(IPARY . EQ.10)G0O TO 9006
IJJ=IPARZ

IF(IPARZ2 .EQ.-9999)IPAR2=0
ITEK=6B

DSHTEK=9 .

XTEK=390.

YTEK=390 .

TEKSCL=84.10
IF(ISSW(iS> . LT.0)GO TO B8OOB
WRITE(1,B8009)IPAGE
FORMAT(AR)

CONTINUE

XCENT=XTEK

YCENT=YTEK

PSCAL=TEKSCL

DASH=DSHTEK

IDEV=ITEK

CALL FNDLUCIDEV,LU)
IF(LU.EQ.0)WRITE(L,8236)IRELL
FORMAT(/,"ERROR-INVALID LOGICAL UNIT",A2)
IF(LU.EQ.0)GO TO 1000
IF(NPD.LE.2)GO0 TO 8110
IF(NPD.GT.500)GO 7O 8110

INITIALIZE

IF(IPAR2.LE.0)IJI=4
IF(IPAR2.GT.20)1JJ=1
CONTINUE

PLOT LOOP

SWITCH 12 SOL.ID UNDE?%%MED LINES

-y




0179 € SWITCH 13  ABORT POINT LABELING
0180 C SWITCH 14  ABORT PLOT
0181 C
0182 DO 8400 I=1,NPD
0183 C
0184 C SWITCH 14 TO ARORT PLOT
0185 C
0186 IF(ISSW(14) .LT.0)G0O TO 1000
0187 J=IARS(ICL(I))
0188 JGARY=1
0189 TFC(ICLCI) . LT.0)JGARY=~1
0190 T1IX=FLOAT(IX1¢J))/PSCAL+XCENT
0194 I1IY=FLOATC(IYL(T))/PSCAL+YCENT
0192 IF(I.EQ. 1) IXOLD=IJX
0193 IF(IL.EQ.1)IYOLD=IJY
0194 IX=TIX+IDX(I)/(IDIVC(ITT)*PSCAL)
0195 JY=IJY+IDY(T)/CIDIV(ITII*PSCAL)
0196 IF(IPAR2.NE.0)GO TO 8050
0197 C
098 C PLOT UNDEFORMED SHAPE
0199 €
0200 IF(ISSW(12).LT.0)G0 TO 8060
0204 C ‘
0202 ¢ SET SWITCH 12 FOR UNDEFORMED SOLID LINES |
0203 C i
0204 IF(JGARY .EQ.~-1)G0 TD 8060
0205 CALL DOT(IXOLD,IYOLD,IJX,IJY,DASH,LU)
0206 GO TO 8062 !
0207 8060 WRITE(LU)JGARY,1,IJX,1JY !
0208 8062 CONTINUE ;
0209 IXOLD=IJX |
0240 1YOLD=IJY i
0211 GO TO 84100 !
0212 € :
0213 C PLOT MAXIMUM DEFORMED SHAPE ;
0214 C |
0215 8050 WRITE(LU)JGARY ,1,IX,JY !
0246 8100 CONTINUE |
0217 IF(IPAR2.LT.0)IJT=IJT+2 [
0248 IFCCIPAR2.LT.0) . AND.(IJJ.LT.12))G0 TO 8045
0249 IFLG7=0 |
0220 8108 CONTINUE i
0221 JCARY=~1{
0222 WRITE(LU)JGARY,1,0,30

- 0223 WRITE(L,B8109)IT,FRA(NMP)
0224 8109 FORMAT(2X,5A2,4X,F10.3)
0225 GO TO 1600
0226 68110 CONTINUE
0227 WRITE(1,8111)
0228 8111 FORMAT(/,"ERROR-DISPLAY NOT PREVIOUSLY CALCULATED",/)
0229 GO TO 1000
0230  CRNMKNKIKNIIOKIIORK KKK KRR IORIK KKK K KRR IR K AR AR AR KR KRK R KKK KRR KK
0231 C EXIT TO OTHER OVERLAYS

0232 CRMRMORK K A IOK A HOK A KKK RO OK A OK KKK KKK KOKOKOKR KK KR K KKK KKK KRR R KRR KRR KRR
0233 9004 I={

0234 GO TO 9900
023% 9002 1I=2
0236 GO TO 9900
0237 9003 I=3
0238 GO TO 9900
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0239
0240
0244
0242
0243
0244
0245
0246
0247
0248
0249
0250
0254
0252
02%3
0254
025%
0256
0257
0258

9004
9005

9006

2008
9900

999%

I=4

GO TO 9900

I=5

GO TO 9900

I=6

GO TO 9900

I=8

GO TO 9900

CONTINUE

IFLAG=1

CALL RWCOM(1)

CALL KYED(2HMS,38,1)
caLL ovLD(:

CONTINUE

IL=2H##
IF(ICOMM.EQ.12345)CALL RWCOM(1)
CALL KYEBD(2HBS,IBRS,0)
RETURN

END

END%
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$Y706 T=00004 IS ON CRDOD103 USING 00058 BLKS R=0512

0004
0002
0003
0004
0005
0006
0007
0008
0009
0010
0041
0012
0013
0044
0045
0016
0017
0018
0019
0020
0024
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0044
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058

FTN4
SUBROUTINE YOO0O09CINTOT,IPAR)

c

C THIS PROGRAM IS STORED UNDER $Y906

c

(B 3223202232008 3 02820 e 32038288832 3033888333383333383383%383338¢2]
C

c PROGRAMMER: R.J.ALLEMANG

c MAIL LOCATION # 72

c UNIVERSITY OF CINCINNATI
c CINCINNATI, OHIO 45224
c $513-475-6670
c
c
C
C

REVISION DATE: DEC 17, 1979

KR KORK KKK KKK KKK K KKK KKK KKK KRR KKK ORI KK KKK KK K KK KKK KR XK KK KKK K

DIMENSION IPAR(&),LINE(36),LINEL(3S),IZ(10),INQC(6)
£,IDIV(4) , ICMMD(24) , TH(4), IX1¢4),IYLC¢4),IDXCL),IDY (L)
2,1C4(1),IPTCM(1) ,LABEL (20) , IPOINT (1)

EQUIVALENCE (LINE(2),LINE1)

COMMON ICOMM,MANRE ,MDVA,BETA, IELS,IT(5),ID(3),IP,NUMPT
1,NM, ICON,NCOM, XXX (3,505 ,IX(3,40),IC(10),NMP,XR(3),A(2,3)
2,0(3),IR(10) ,NCNCL0) ,SF (2),XXA2,3),YYA(2,3)
3,FSHFT,DF ,MCF,IZR,IL,IPARY,IPAR2,IPAR3,IPAR4,IPARS,IPARS
4,IFLAG,NS,NE,RMM(10),FRQ(10),ZETACL0)

EXTERNAL HDR8,DTADO, NMAX

DATA ICMMD/2HD ,2HV ,2H% ,2HEX,2H: ,

L2HM ,2H_ ,2HRO,2HA-, 2HAM,
22HCH, 2HSP , 2HX( ,
32HX)> ,2HCV,2H( ,2HEB ,2HL ,
A2HW ,2HI ,2HK ,2HA+,2H/L,
SaH/ ./
R AR KIOKKK KRR AOKARCHOK KRR AOKAOK IR IR KK KR AOKKK KR AOKK KKK KK KK KKK KK
C UNIVERSITY OF CINCINNATI/LEUVEN MODAL ANALYSIS PROGRAM
C
c PLOTTING PROGRAM HP 7240
CARKKAORAKIAK IO KKK KKK IR A KKK AR AR IR IR KKK KKK KKK KK KKK K

IKELL=7%

IPAGE=15414K

CALL SETAD(HDRS,IH,-8,0)

1COMM=0

1BS=1024

CALL KYED(2HES,IBS,0)

CALL GETI(NMAX,IBLM)

ION=1BLM~1{

ICM=I0N-1

IBM=2

I=IONXIES+270

CALL SETAD(DTADO,IPTCM,I,~1)

CALL RWCOM(0)

IF INITIALIZATION IS REQUIRED, LOAD Y 94

cOoon

IF(ICOMM.EQ,12345)G0 TO 900
CALL KYEBD(2HMS,38,-6,1)
CALL OVLD(9)

900 CONTINUE

CALL SETAD(DTADO,IX1,0,-4)
A-196
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0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
00714
0072
0073
0074
6075
0076
0077
0078
0079
0080
0081
0082
0083
0084
008S
0086
0087
0088
0089
0090
00914
0092
0093
0094
0095
0096
0097
0098
0099
0100
01014
0i02
0403
0104
0405
0106
0107
0108
0409
01410
04414
0142
0113
0114
0445
0116
0447
0148

CRRORR K XK K KK 3K K 30K 3K 3K 3 30 3 00K 3K 3K 3 30K K 3K K 30K 3K ¢ 20K 0 KKK K K KK KKK KK 3K KKK KK K KK

c

CRAOROR AR ONKHOK K ORI IOK KRR K KKK 3K 3K KK K K KKK K KKK KKK KKK KK KR AOKOK K K K K K K

1000
1040

1020
1030
1040
1042

aooaon

111S
1120

L A0K KKK K KKK KK K KK KK KK KK KK 3K KKK IR AOK SRR KRR R K AOR KRR KKK KKK KK

Cc

000K K8 K 30K 33K KKK HKOK KKK 2K K 3K KK K KKK OK SOKKOOKKKOR K KK KK MR K KK KK KK K XK K

1130

1138
1139
1140
1144

1146

CALL SETAD(DTADO,IY4,2%6,~-1)
CALL SETAD(DTADO,IDX,512,-1)
CALL SETAD(DTADO,IDY,768,-1)
CaLlL SETAD(DTADO,ICi,1024,-4)
CALL SETAD(DTADO,IDIV,1%36,-41)
CaLL SETAD(DTADO,IPOINT,$600,-41)
NPD=IDIV(21)

IFLG7=0

MXOFF=IDIV(22)

MYOFF=IDIV(23)

MCSIZE=IDIV(24)

MP1=IDIV(25)

MP2=IDIV(26)

IFLG7=IDIV(27)
IF(IFLAG.EQ.1)G0 TO 1130

START OF MONITOR

WRITE(1,1040) IBELL
FORMAT ("% ,A2)
I=ISWR(1776778,0,0)
IPAR1=-9999

IPAR2=-9999

IPAR3I=-9999

IPAR4=-9999

IPARS=-9999

IPARGL=-9999

DO 1030 I=1,36

LINECI)=2H,,

CALL TTYINCLINE)

CALL TEST(1,IST,LOR)
IFCIST.LT.0)GO TO 1042

CALL CODE

READC(LINE,1120)IL

IF (ICOMM.EQ.12345)60 TO 1145

PUT A CHECK FOR ANY COMMANDS THAT ARE NOT TO BE
EXECUTED UNLESS ENOUGH SET-UP IS8 PRESENT

CONTINUE

FORMAT (A2)

CaLL CODE
READ(LINEL,X)IPARL,IPARZ,IPAR3,IPAR4, IPARS,IPARS

MONITOR COMMAND TABLE

IFLAG=0

CALL RWCOM(1)

IF(IL.EQ.2H#$)GO TO 1000
NCMMD=24

DO 1138 1I=4,NCMMD
IFCIL.EQ.ICMMD(I))GO TO 1144
CONTINUE

WRITE(L,1140)

FORMAT(/, "ERROR-ILLEGAL COMMAND")
GO TO 1000

IFCI.GT.10)G0 TO 1146

GO TO (9004,5004,9004,9004,9004,9004,9004,9004,9004,9004),1
I1=1-10

. » T
IFCI.GT.40)GO TO 1148 A-197
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0i49
0120
0124
0122
0123
0124
041235
0126
0427
0128
0129
0130
01314
0132
0133
0134
0435S
0136
0137
04138
0139
0140
0141
0142
0143
0144
014S
0146
0147
0148
0149
0450
04514
gise
0153
0154
0155
0156
0157
0158
0159
0160
0i61
0162
0163
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178

o000

C#ﬂ#*tX***#****X****#X****##*#***************#****l#*#**###*##*t##*ttttt
PLOTS MODE SHAPES ON THE HP 7210
C*#X**#**#*********#X*#****X#*##*#***##t#*****#**t##******##t***ttl#*lt*

aoaon

aco

onoo0n

1148

7000

8000

8010

8038

8040
8045

GO TO (90604,9004,9004,59004,9084,9995,8000,8200,9002,9004),1

I=1~10
GO TO (9001,9003,9008,7060),1

ENTER DATA TO SET .UP POINT LABELING OF PLOT

CONTINUE

IF(IPARY .EQ,-9999)IPARL=100
IF (IPAR2.EQ.-9999) IPAR2=100
IFCIPAR3 . EQ. ~-9999) IPAR3=100
IFC(IPAR4.EQ.-9999) IPAR4=1
IF (IPARS.EQ.-9999) IP ARS=250
IFLG7=1

MXOFF=IPARY

MYOFF=IPAR2

MCSIZE=IPAR3

MP1=IPAR4

MP2=IPARS

GO TO 1000

CONTINUE

IF(IPARL .EQ.37)G0 TO 9005
IF(IPARL.EQ.6)G0D TO 2007
I1JJ=1PAR2
IF(IPAR2.EQ.-9999)1PAR2=0D
IPLOT=10R

XPLOT=5000,

YPLOT=5000.

DSHPLT=100.

PLTSCL=6.56

CONTINUE

XCENT=XPLOT

YCENT=YPLOT

PSCAL=PLTSCL

DASH=DSHPLT

IDEV=IPLOT

CALL FNDLUCIDEV,LU)
IF(LU.EQ.0)WRITE(1,B8236)
IFCLU.EQ.0)GO TQ 44000
IF(NPD.LE.2)GO TO 84140
IF(NPD.GT.500)G0 TO 8140

INITIALIZE

IF(IPAR2.LE.0)1JJ=1
IF(IPAR2.GT.20)1JJ=4

ARRAY TO FLAG POINTS ALREADY LABELED

DO 8038 1I=1,250
IPOINT(I)=4

DO 8040 I=MPi,MP2
IPOINT(I)=0
CONTINUE

PLOT LOOP

SWITCH 42 8OLID UNDEFﬂ;rED LINES

T e




0179 C SWITCH 13 ABORT POINT LABELING
0180 C SWITCH 44 ABORT PLOT

0181 C

0182 DO 8100 I=1i,NPD

0183 C

0184 C SWITCH 44 TO ABORT PLOT

0185 C

0186 IF(ISSW(14).LT.0)GO TO 1000

0187 J=TABS(ICi1(I))

0188 JGARY=1

0189 IF(ICLCI) LT.0)JGARY=~1

0190 ITX=FLOATC(IX4(J))/PSCAL+XCENT
0191 IJY=FLOAT(IYL1(T))/PSCAL+YCENT
0492 IF(I.EQ.£)IXOLD=IJX

0193 IF(I.EQ.4)IYOLD=IJY

0194 IX=IIX+IDX(J)/(IDIV(IJI)XPSCAL)
019% JY=1JY+IDY(J)/(IDIVC(IJT)XPSCAL)
01%6 IF(IPAR2.NE.0>GO TO 8050

0197 C

0498 C PLOT UNDEFORMED SHAPE

0199 C

0200 IF(ISSW(L2).LT.03G0 TO 8060

0204 C

0202 C SET SWITCH 42 FOR UNDEFORMED SOLID LINES
0203 C

06204 IF(JGARY .EQ.~-1)GO TO 8060

0205 CALL DOT(IXOLD,IYOLD,IJX,IJY,DASH,LU)
0206 GO TO 8062

0207 8060 WRITE(LU)JIGARY ,1,IJX,IJY

o208 C

0209 C POINT LABELING

0210 C

0214 IF(IFLG7 .EQ.0)GO TO 8062

0212 ¢C

0213 C ABORT POINT LARELING SWITCH 43
0214 C

024S IF(ISSW(1i3) .LT.0)G0O TO 8062

0216 IF(IPOINT(J) .EQ.4)GO0 TO 8062

0217 THETA=0.0

0248 IRAD=20

0219 DO 8055 KK=1,10

0220 IXXX=IIX+IRADXSIN(THETA)

0224 JYYY=IJY+IRADXCOS(THETA)

o2a2 THETA=THETA+0,628312

0223 WRITEC(LUYL, 4 ,IXXX,TYYY

0224 805S CONTINUE

022s WRITE(LU)-1,-1,MXOFF ,MYOFF

g226 WRITE(LU,B065)MCSIZE,0,0,MCSIZE,T
0227 8068 CONTINUE

0228 WRITE(LU)-1,4,IJX,IJY

0229 8065 FORMAT(4IS5,I3)

0230 IPOINT(J) =4

02314 8062 CONTINUE

0232 IXOLD=IJX

0233 IYOLD=IJY

0234 GO TO 8400

0235 C

0236 C PLOT MAXIMUM DEFORMED SHAPE
0237 C

0238 B80S0 WRITE(LU)JIGARY ,4,JX,JY A-199
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0239 GD TO 8100
0240 8100 CONTINUE
0241 IFC(IPAR2,LT.0)IJT=IJF+2
0242 IFC(CIPARZ.LT.0).AND. (IJJ.LT.42))60 TO B804S
0243 IFLG?7=0
0244 B108 CONTINUE
0245 C
0246 C PRINT TEST I.D. AND MODE FREGQUENCY
0247 C
0248 IF(NMP . EQ@.0)GO TO 1000
0249 8155 CONTINUE
0250 WRITE(LU)-1,1,100,7000
0254 WRITE(LU,B156)200,0,0,200,1IT
0252 B156 FORMAT(415,5A2)
0253 WRITECLU)-~1,1,100,6500
0254 WRITE(LU,B8457)200,0,0,200,FRA(NMP)
0255 8157 FORMAT(AIS,FL0.3)
0256 GO TO 4000
0257 8110 CONTINUE j
0258 WRITE(1,8114)
0259 8111 FORMAT(/,"ERROR-DISPLAY NOT PREVIOUSLY CALCULATED",/)
0260 GO TO 1000
0261  CRIOKIRIKIIRKIORKKICRK KKK KKK KKK ORI KKK KKK AOOKK KKK KK KK KKK KKK
0262 € CODE LABELS MODE SHAPE PLOTS
0263 CRIRIIIRKIKKIKAAKIKAOK KKK KK IR KK IR AR K AR KKK IORK KKK KKK KKK KKK K
: 0264 8200 CONTINUE ?
: 0265 IF (IPARL .EQ.37)G0 TO 9005 ;
0266 IDEV=10B
0267 CALL FNDLUCIDEV,LU)
0268 IF(LU.EQ.0OWRITE(4,B236)
0269 IF(LU.E@.0)GO TO 1600
0270 IF (IPAR4.NE,~9999)G0 TO 8210
0274 IPAR4=200
0272 IF(IPAR3,NE.~9999)G0 TO 8210 l
0273 IPAR3=700.0
0274 IF (IPAR2 .NE.~9999)G0 TO 8210
0275 IPAR2=350. 0
0276 C
0277 ¢ IPARY = DEVICE THAT THE LABEL IS TO BE PRINTED ON
r 0278 C IPAR2 = STARTING X POSITION OF LABEL
r 0279 C IPAR3 = STARTING Y POSITION OF LABEL
0280 C IPAR4 = SIZE OF CHARACTERS(IPAR4 X IPARA4)
0284 C
0282 8240 CONTINUE \
, 0283 IPARZ2=IPAR2X10
‘ 0284 IPARI=IPARIXL0
0285 WRITE(IU)Y~1,1,IPAR2,IPAR3
0286 DO 8226 1=1,20
0287 8226 LABEL(I)=2H
0288 WRITE(4,8230)IBELL
0289 8230 FORMAT(/,"ENTER LABEL:",A2,/)
0290 READ(4,8235) (LABEL(I),I=1,20)
0291 CALL TEST(1,ISTAT,LOGX)
0292 LOGX=(LOGX+1)/2
0293 8235 FORMAT(20A2)
0294 IF(LABEL(1) .EQ.2H/ GO TO 1000
0295 8236 FORMAT(/,"ERROR-INVALID LOGICAL UNIT ")
0296 WRITE(LU)-1,1,IPAR2,IPAR3
0297 WRITE(LU,B240)IPAR4,0,0,IPAR4, (LABEL(I),I=4,LOGX)

0298 8240 FORMAT(41S,20A2)
A-200
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0299 IPARI=IPARI-IPARA4AX12/10
0300 GO TO 8210

G304 CRMMAMMMMMKMONN R KK AOK AR HOK KA AN K K KKK K KK KKK K K 3K 3K K K KK KK oK KKK K KK
0302 C EXIT TO OTHER OVERLAYS
0303 CMMMMMMM N KA AR KKK KKK KKK AR KK K 3K KK KK 3K K KK 3K oK K 3K K 3K KKK AOK XK K K o oK K
0304 9001 I=%

030% GO TO 9900

0306 9002 I=2

0307 GO 10 9900

0308 9003 I=3

0309 GO TO 9900

0340 2004 1I=4

03114 GO TO 9900

0342 2005 I=S

0313 GO TO 9900

0314 9007 1=7

0345 GO TO 9900

0316 9008 I=8

0347 GO TO 9900

0318 9900 CONTINUE

0319 IFLAG=1

0320 CALL RWCOM(1)

03214 CALL KYEBD(2HMS,38,1)

0322 CALL OVLD(9)

0323 9995 CONTINUE

0324 IL=2H##%

032% IF(ICOMM.EQ. 12345)CALL RWCOM(1)
0326 CALL KYED(2HBS,IBS,0)
0327 RETURN

6328 END

0329 END$
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$Y90% T=00004 IS ON CRO0QL03 USING 000958 BLKS R=0%12
0004 FTNA
goo2 SURROUTINE YOD0RC(INTOT,IPAR)
G003 C
6004 C THIS PROGRAM IS STORED UNDER $Y90%
000 C
0006  CXORMKNOK R AOK AN K K K K K K KK K K 0 3030 350K K KK 3K 33K K K K KK K K 3K K K K K K K K 3K K K oK 3K 3 0 oK K 3 K KK oK K
0007 C
6008 C PROGRAMMER: R.J.ALLEMANG
0009 C MAIL LOCATION % 72
0010 C UNIVERSITY OF CINCINNATI
001s C CINCINNATI, OHIO 452214
goiz2 C 513-475-6670
0013 C
00ia C REVISION DATE: DEC 17, 1979
0045 C
0046 CMORMKNMM A KK AR A K AOK KKK KK KK KK 0K K KKK KK 3K K K 3K K K KK K 3 3K K 3K KK 3K 9K K 9K K 8K 9K 3K 3K 3K K K 3K KK 0K XK
0047 DIMENSION IPAR(H) ,LINE(36),LINEL(3S),1Z2(10),INQ(6)
0018 1,IDIVCL) ,ICHMD(24) ,TH(4) ,IX4¢(4) ,IY4 (L), IDX(1),IDY (1)
0019 2,IC1(40) ,IPTCM(L) ,LABELC20) ,IPOINT (1)
0020 EQUIVALENCE (LINE(2) ,LINELD)
002 COMMON ICOMM,MANRE ,MDVA,BRETA,IBLS,IT(S),ID(3) ,IP ,NUMPT
0022 4, NM, ICON,NCOM, XXX (3,40, IX(3,40),ICC10) ,NMP ,XR(3) ,A(2,3)
0023 2,0(3),IBC(10) ,NCNCLO) ,8F(2) ,XXAC2,3),YYA(2,3)
0024 3,FSHFT,DF ,MCF,IZR,IL,IPARL,IPARZ,IPARI,IFAR4,IPARS, IPARG
002S 4,IFLAG,NS,NE ,RMM(10) ,FRA(10) ,ZETAC10)
0026 EXTERNAL HDR8,DTADO , NMAX
0027 DATA ICMMD/2HD ,2HV ,2HZ%L ,2HEX,2H: ,
0028 12HM ,2H_ ,2HRO,2HA~, 2HANM,
0029 PPHCH, 2HEP , 2HXC ,
0030 I2HX)Y , BHCY, 2HC ,2HE , 2HL
0031 42HW ,2HI ,2HK ,2HA+,2H/L,
0032 SeH/ ./
GOI3 MM RO HOK K KKK K 0K 0K K KK K K 2 2 3 K K 2K 20K 8 KK 0K KK K K 0 0 K KKK K KK KK K K K 3OK %OK K K OK KK KK
0034 C UNIVERSITY OF CINCINNATI/ZLEUVEN MODAL ANALYSIS PROGRAM
0035 C
0036 C PLOTTING PROGRAM HP 9872
GO37  CRAKK KA KN KKK A K K KK I AR KA R KK KK K KK K K8 KK 30K K K K 5OK 0K KK KK K 30K K K K 30K KK K 3K K K K KKK
0038 IPAGE=15444k
0039 IRELL=7R
0040 CALL SETAD(HDRS8,IH,-8,0)
0041 ICOMM=0
0042 IBES=1024
0043 CALL KYBD(2HES,IES,0)
0044 CALL GETI(NMAX,IBLM)
004% ION=IBLM~-1
0046 ICM=T0N-4
0047 IBM=2
0048 I=I0ONXIES+270
0049 CALL SETAD(DTADO,IPTCM,I,-1)
00%0 CALL RWCOMCO0)
0051 C
0052 C IF INITIALIZATION IS REQUIRED, LOAD Y 94
0053 C
0054 IF(ICOMM.EQ,4234%)G0 TO 900
00SS CALL KYBD(2HMS,38,-5,1)
0056 CALL aQVLD(9)
00587 900 CONTINUE
0058 CALL SETAD(DTADO,IXi,0,-1)

A-202
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0059
0060
00614
0062
0063
0064
006S
0066
0067
0068
0069
0070
0071
6e7a
0073
h074
0075
0076
0077
0078
0079
0080
0084
o082
0083
0084
0608S
0086
0087
0088
0089
0090
60?1
0092
0093
0094
0095
0096
0097
0098
0099
0400
! 01014
? pio2
. 0103
0104
0105
0106
0107
0108
0109
6140
0144
0112
0143
0114
0115
0146
0147
0118

—

CALL SETAD(DTADO,IYi,256,-1)
CALL SETAD(DTADO,IDX,512,~-1)
CALL SETAD(DTADO,IDY,768,-1)
CALL SETAD(DTADO,ICi,1024,-1)
CALL SETAD(DTADO,IDIV,1536,-1)
CALL SETAD(DTADO,IPOINT,1600,-1)
NPD=IDIV(21)

IFLG7=0

MXOFF=IDIV(22)

MYOFF=IDIV(23)

MCSIZE=IDIV(24)

MP1=IDIV(25)

MP2=IDIV(26)

IFLG7=IDIV(27)
IFCIFLAG.EQ. )60 TO 1130

0K SIOR K KKK KKK K KKK K KK K 30 KK K 3K KKK K K 30K 3K 3K 0K KK KKK KK 3OK KKK KKK K KKKk K

c

START OF MONITOR

CAR R OK K BR300 K 3K K008 3K KoK K K3 3K 3K K3 K 3K 33K 0K 0K K K 3K 3K 30K O SKOK KK 0K KK KK K oK K

1000
1040

1020
1030
1040
1042

Ry RoNel

11145
1120

WRITE(4,1010) IRELL
FORMAT ("%",A2)
I=ISWR(1776778,0,0)
IPAR1=~9999
IPAR2=-9999
IPAR3=-9999
IPARA=-9999
IPARS=-9999
IPARL=-9999

DO 41030 I=1,36
LINECI)=2H, ,

CALL TTYINCLINE)

CALL TEST(4,IST,LOG)
IF(IST.LT.0)G0 TO 1042
CALL CODE
READC(LINE,1120)IL

IF (ICOMM.EQ. 1234%5)G0 TO 1115

PUT A CHECK FOR ANY COMMANDS THAT ARE NOT 70 RE
EXECUTED UNLESS ENOUGH SET-UP IS PRESENT

CONTINUE

FORMAT (A2)

CAaLL CODE

READ(LINEL %) IPARL,IPAR2,IPAR3,IPAR4,IPARS,IPARS

000 00500003 8o 03 03 O K G K K KK 3K oK 3K oK KK oK KK K K KK KK KK KKK

c

MONITOR COMMAND TABLE

0 30000 30 300000 2000 00K 002030000 2000030030003 5000 3 30K IR KK R KKK KKK KKK KKK KKK K K K KK K

1130

1138
1139
1140
1144

1146

IFLAG=0

CALL RWCOM(4)

IFC(IL.EQ.2H#$)GO TO 1000
NCMMD=24

DO 1138 I=1,NCMMD
IF(IL.EQ.ICMMD(I))GO TO 1444
CONTINUE

WRITE(L,1140)

FORMAT(/, "ERROR-ILLEGAL COMMAND")
GO TO 1000

IF(I.GT.10)G0 TO 1146

GO TO (9004,9004,9004,9004,9004,9004,9004,9004,9004,9004),1
I=1-10

F(I.GT. 0 70

IF(I.GT.10)6 1148 A-203




0419
0120
0421
0122
0123
0124
012%
0126
0127
0128
0429
0130
01314
0432
0133
0134
013%
0136
0137
0138
6139
6140
0141
0142
0143
6144
0145
0146
0147
0148
0149
0450
0151
0452
0153
0454
0155
0156
0457
0158
0159
0160
0164
0162
0163
0164
016S
0166
0167
0168
0169
0170
0174
0172
0173
0174
017S
0176
0177
0178

GO TO (9004,9004,9004,9004,9004,9995,8000,8200,9002,9004),1
1148 I=1-10
GO TO (9001,9003,9008,7000),1

ENTER DATA TO SET UP POINT LARELING OF PLOT

coe

7000 CONTINUE
IF(IPARL .EQ.-9999)IPARL=100
IF(IPAR2 .EQ.-9999)IPARE=100
IF(IPAR3 .EQ.-9999)IPAR3=100
IF(IPARA . EQ.-9999) IPARA=1
IF(IPARS . EQ. ~9999) IPARS=250
IFLG7=1
MXOFF=IPAR1
MYOFF=IPAR2
MCSIZE=IPARJ

MP1=IPARA4

MP2=IPARS

GO 70 1000
200K K KK 3K 3K K K KK K 3K K K K 00K 20 3 3Kk 3 30K 300K K 30 0K 3 30 K KK K KK 30K 300 200008 K KHOK BOK KK K K K K 0Kk KK KKK
c PLOTS MODE SHAPES ON THE HP 9872

€90 K 00K K 80K K 880K 0 IR 0K KK HOK KK K K 8 308 K 3K KK K 0K 3K K 30 62 0K 0K 0 KK K K K oK 0K KKK K KK K K

8000 CONTINUE
IFC(IPARL .EQ.40)GD TO 9006
IF(IPARL .EQ.6)G0 TO 92007
I1JJ=1IPAR2
IF(IPAR2.EQ,-9999)IPARZ2=0
IPLT=37R
XPLT=5%%00.0
YPLT=3500.0
PLTSKL=%.,28

8020 CONTINUE
XCENT=XPLT
YCENT=YPLT
PSCAL=PLTSKL
ICOLOR=1
IF(IPARZ . NE,~9999) ICOLOR=IPARTY
IDEV=IPLT

CHECK TO FIND LOGICAL UNIT

oo

CALL FNDLUCIDEV,LW)
IF(LU.EQ.0)WRITE(41,8236)
IF(LU.EQ.0)GO TO 1000
IF(NPD.LE.2)GO TO 8110

IF(NPD.GT.S500)G0 TO 8140

INITIALIZE AND SELECT PEN COLOR

zN eyl

WRITE(LU,8035)ICOLOR
8035 FORMAT("IPG,0,14000,8000"/"PU"/"1W0,0,44000,8000"/"SP" 16/
1 NLT”)
IFCIPAR2.LE.0)IJT=1
IF(IPAR2.GT.20)1JJ=14

C
Cc ARRAY TO FLAG POINTS ALREADY LABELED
c

DO 8038 I=1,250
8038 IPOINT(I)=t

0 8040 I=MP4i.MP2
D 1=HP1, A-204




0179
0480
0181
0182
0183
0184
0185
0186
0187
0188
0189
0190
0194
0492
0193
0194
0195
0196
0497
0498
0499
8200
0204
0202
0203
0204
0205
0206
6207
c208
0209
8210
02114
0212
0213
0214
0245
0216
0217
0218
0219
o220
p224

gaee

0223
9224
022S
0226
0227
0228
0229
0230
0231
0232
0233
0234
023%
0236
0237
0238

8040
804%

OO aOaoO 0

s BeRy]

807%

OO0

8072

OGO

8078

OO0

80413

8015
8016
8017

8014

8080

o000

IPOINT(I)=0
CONTINUE

PLOT LOOP

SWITCH {2 SOLID UNDEFORMED LINES
SWITCH 13 ARDORT POINT LABELING
SWITCH 14 ABORT PLOT

DO 8100 I=4,NPD
SWITCH 14 TO ARORT PLOT

IF(ISSMW(14) .LT.0)GO TO 1000
I=IAES(ICL(I))

JGARY=1

IFCICLC(I).LT.0)JGARY=~1
I1IX=FLOAT(IX1(J))/PSCAL+XCENT
LIY=FLOAT(IYL(J))/PSCAL+YCENT
IF(1.EQ.1)IXOLD=1JX
IF(1.EQ.1)IYOLD=IJY
IX=LIX+IDX(I)/(IDIV(IJI)*XPSCAL)
IY=TIY+IDY(J)/(IDIVCIJT)IXPSCAL)
IF (JGARY.EQ. -1 WRITE(LY,8075)
FORMAT("PU")

IFCIPAR2.NE.G)GD TO 8080

SWITCH L2 ON: SOLID LINES

IF(ISSW(L2) . GE, OUWRITE(LY,B8072)
FORMAT("LT2,1.0")

UNDEFORMED SHAPE

WRITECLU,8078)IJX,1JY
FORMAT("GM."/"PA",16,",",16/"PD"/"SH")
IFCIPOINT(J) .EQ.4)GO TC 8100

IF(IFLG?7 .EQ.0)GD TO B100

SWITCH 43 ON: ABORT POINT NUMRER

IF(ISSW(13).LT.0)G0O TO 8100
WRITE(LU,BOL3IYMXOFF ,MYOFF
FORMAT("PU"/"“PR",16,",",16/)
IFC(T.LTLOWRITE(LY,B015)T
IF(CT.GE.£0) . AND . (J.LT.400)WRITE(LY,B046)J
IF(J.GE.400)WRITE(LU,B017))
FORMAT("LE",11)

FORMAT("LB",12)

FORMAT("LEB",I3)

WRITE(LY,B8430)
WRITE(LU,8044)1IJX,1JY
FORMAT("PU"/"PA",I6,",",16/"PD")
IPOINT(I)=4

GO TO 8100

CONTINUE

DEFORMED SHAPL

WRITE( 0 xX,JY
Ly,8078)JX%, A-205




0239
0240
D241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0264
0262
0263
0264
0265
0266
0267
0268
0249
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0288
0289
0290
0291
0292
0293
0294
0295
0296
0297
0298

8100 CONTINUE
IFCIPARZ LT . IJI=1TT+2
IF(CIPAR2.LT.0) .AND. (IJJ.LT.42))G0 TO B804S
IFLG7=0

8108 CONTINUE

PRINT TEST I.D. AND MODE FREQUENCY

o000

IF(NMP.EQ.0)GO TO 1000
WRITE(LU,B8409)IT,FRQU(NMP)
8109 FORMAT("PU"/"PAL1000,7300"/
1"LBTEST “,542/" “/F10.3," HERTZ"™)
WRITE(LY,B430)
GO TO 1000
8110 CONTINUE
WRITE(L,8111)
81141 FORMAT(/,"ERROR-DISPLAY NOT PREVIOUSLY CALCULATED",/)

GG TO 1000
G R AR OK K KKK IOK KK KK NOK 3K IR ACK K KKK KKK 3 K KKK KRR K ORI KK KKK KRk K
C CODE LABELS MODE SHAPE PLOTS

CMAAORNOK K AKOK KKK ROK R AHOK HOK 5K KK HOK 3 K K aK OK KKK AR ROR AR R ROR KKK R KKK KK
8200 CONTINUE

IF(IPARL .EQG.40)G0 TO 9006

IDEV=37R

CaALL FNDLUCIDEV,LU)

IF(LU.EQ.0OHWRITE(1,8236)

IF(LU.EQ.0)GO TO 4000

€

c IPARY = DEVICE THAT THE LABEL IS TO BRE PRINTED ON
Cc IPAR2 = STARTING X POSITION OF LABEL

C IPARI = STARTING Y POSITION OF LABEL

C IPAR4 = SIZE OF CHARACTERS(IPAR4 X IPARA4)

C

8230 FORMAT(/,"ENTER LABEL",AZ,/)
8235 FORMAT(20A2)
8236 FORMAT(/,"ERROR-INVALID LOGICAL UNIT *)
8400 CONTINUE
ICOLOR=IPARA
IF (IPAR4,NE.~9999)G0 TO 84410
1COLOR=1
IF (IPAR3 . NE.-9999)GD TO 8440
IPAR3=7300
IF (IPAR2,NE,-9999)G0 TO 8410
IPAR2=5000
8410 CONTINUE
WRITE(LU,B8420)ICOLOR,IPAR2,IPAR3
8420 FORMAT("IP0,0,11000,8000"/"PU"/"IN0,0,14000,B8000"/" LT/
L"SP"16/"PA" ,16,",",186)
8422 DO 8425 I=1,20
8425 LABEL (I)=2H
WRITE(4,8230) IBELL
READ({,8235) (LABEL(I) ,I=1,20)
CALL TEST(4,ISTAT,LOGX)
LOGX=(LOGX+1)/2
IF(LABEL (1) .EQ.2H/ YWRITE(LU,B430)
IF(LABEL (1) .EQ.2H/ GO TO 1000

CONTROL C TO TERMINATE HP 9872

anon

ORMAT("")
0430 F A-206




0299
0300
0301
0302
0303
0304
0308
0306
0307
0308
0309
0340
0311
0342
0343
0344
0315
0316
86347
0348
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
0329
0330
0331
0332
0333

WRITE(LU,B8440)(LABEL(I),I=4,L0GX)
8440 FORMAT("LB",20A2)

WRITE(LU,B8430)

GO TO

8422

000000 630 00 30 00306 3 38500 33K 3 K K 3K K 00K 3K K K KKK 3K KK 3K K K KKK K KKK KR KK KKK K K K K
EXIT TD OTHER OVERLAYS
CA0AKROKOK KKK K K 3K KKK KKK KKK KK 3K K K AOK KK K K 3 K K KK K 0K 0K 5K o KKK KK K K K KKK K

c

9001

002
9003
2004
9005
9006
2007
%008
%900

9995

I=1
GO TO
1=2
60 TO
1=3
GO TO
1=4
GO TO
1=5
GO TO
I=6
G0 TO
1=7
GO TO
1=8
GO 10

9900
9900
9900
9900
97900
92900
?900

9900

CONTINUE
IFLAG=1

CALL RWCOM(1)

CALL KYBD(2HMS,38,I)

gaLL oVvLD(9?)

CONTINUE
IL=2H#%
IF(ICOMM.EQ. 12345)CALL RWCOM(1)
CALL KYRD(2HES ,IBS,0)

RETURN

END
ENDS
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$Y904 T=00004 IS ON CROO103 USING 00082 BRLKS R=0702

G001 FTNA4
0002 SUBROUTINE YU000PC(INTOT,IPAR)

0003 C

0004 C THIS PROGRAM IS STORED UNDER $Y9P04

0008 C

0006 CARmAORNCKK KK IOK K HCOKK K K KKK KK K K 3K 3K 3 2 3 0K K 330003 00333 0 K0 KKK KoK 6 KK oK K K o
0007 €

tovs C PROGRAMMER: R.J.ALLEMANG

0009 C MAIL LOCATION # 72

0010 C UNIVERSITY OF CINCINNATI

0011 C CINCINNATI, OHIO 45224

0012 € S13-475-6670

0013 C

0014 C REVISION DATE: DEC 17,1979

0015 C

D046 CMMMMMMMMM IO KA I K IR R K K IR K K S KKK K 33 9K 306 00K 3K 30K KK 0K o oK o oK 3K 0K 3K 0K
0017 DIMENSION IPAR(6),LINE(36),LINELC(3S),I1Z(40),INQ(S)

0048 1,IDIV(4),ICMMD(24) , THC(1) , IX4(1),IY4(1),IDXC41),IDY (L)

0019 2,IC1(1),IPTCM(1),RH(L)

6020 EQUIVALENCE (LINE(2),LINE1)

0021 COMMON ICOMM,MANRE,MDVA,BETA,IBLS,IT(S),ID(3),IP,NUMPT |
0022 £,NM, ICON,NCOM,XXX(3,40),IX(3,40),IC(40),NMP ,XR(3),A(2,3) o
0023 2,0(3),IB(10) ,NCNC(L10) ,5F(2) ,XXA(2,3),YYA(2,3)

0024 3,FSHFT,DF ,MCF,IZR,IL,IPARY,IPAR2,IPAR3,IPARS,IPARS,IPARGL

0025 4,IFLAG,NS,NE,RMM(410),FRQ(10),ZETA(10)

0026 EXTERNAL HDR8,DTADO, NMAX

o027 DATA ICMMD/ZHD ,2HV ,2HX ,2HEX,2H: ,

0028 12HM ,2H_ ,2HRO,2HA-, 2HAM,

0029 22HCH, 2HSP , 2HXC , '

0030 I2HX) ,2HCV,2HC ,2HR ,2HL ,

0034 42HW ,2HI ,2HK ,2HA+,2H/L,

0032 SOHX / 4
003 SR AORMOR KK KKK 3K K 3K 30K K KK KK K 3K K KK K 30K 3K K K 3K 3K oK K KK oK K K K KK KK
po34 C UNIVERSITY OF CINCINNATI/LEUVEN MODAL ANALYSIS PROGRAM

0035 C

0036 C SET~UP OR INITIALIZATION PROGRAM (KEYROARD ENTRIES)

DOT7  COMMMMMMMMAN N KKK K 3K K K 0 oK 3 33 3 K 3K 2K Ko 3K 5 320K KK oK 3 KK K
0038 IRELL=7R

0039 IPAGE=15414K

0040 CALL SETAD(HDR8,IH,-8,0) ]
00414 CALL SETAD(HDRB,RH(1),567,0)

0042 ICOMM=0

0043 I1BS=1024

0044 CALL KYBD(2HBS,IHBS,0)

0045 CALL GETI(NMAX,IBLM)

0046 TON=TBLM-1

0047 ICM=ION-1

0048 IBM=2

0049 I=IONXIHS+270

0050 CALL SETAD(DTADO,IPTCM,I,-{)

0051 CALL RWCOM¢0)

0052 IF(IFLAG.EG.1)G0 TO 1430

0053 IF(ICOMM.EQ,12345)G0 TO 1000

0054 C

0055 C THE FOLLOWING VARIABLES ARE INITIALIZED ONLY THE FIRST TIME
0056 C

0057 DO 600 I=1,IBLM

0058 J=1-14
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CALL KYBD(2HCL,J)
600 CONTINUE
ICON=1
NM=0
NUMPT=1
FSHFT=0.0
NPD=2
NMP=0
NCOM=0
11BS=1024
IP=1
MDVA=0
MANRE=0
BETA=0.0
MCF=0
IBLS=1
DO 800 I=1,3
DO 800 J=1,10
XXX(I,J3)=0,0
IX(1,T)=1
IX(2,J)=2
IX(3,7)=3
IC(I)=t
XRCI)=0,0
IB(J)=0
NCN(J)=0
FRA(J)=0,0
ZETA(J)=0.0
DO 800 K=1,2
XXA(K,I)=0.0
YYA(K,I)=0.0
800 CONTINUE

SET UP DISPLAY VIEWING DEFAULT POSITION AS & 1 ¢

oGO

ACL,1)=0.70714
AC1,2)=0,0
ACL,3)=-0.70711
A(2,1)=-0,408248
A(2,2)=0.816497
A(2,3)=-0,408248
0(1)=0,
0(2)=0.
0¢3)=0.
DO 801 I=1,S
8014 IT(I)=2H
DO 802 1=1,3
802 ID(I)=2H
CRRRRKKKRRKIKKRRAARAKKK IR AKKRERKKEKRRKK KRR ERKKK KK KRKKKK KKK RK KRR K
c START OF MONITOR
CHRRKKERKKKKRKKKERKKEERKEEERKEREKERRRRRKERRRKRRERRRE KKK KKK RKRKK R KKK KKK
998 CONTINUE

WRITE(1,997)IPAGE

997 FORMAT(A2)
WRITE(1i,999)

999 FORMAT(/,"UNIVERSITY OF CINCINNATI/LEUVEN MODAL ANALYSIS SYSTEM",/,
115X, "VERSION: NOVEMBER 1979")

1000 WRITE({,1040)IBELL
1010 FORMAT("X",A2)
I=ISWR(177677B,0,0)

A-209




0119 IPARL=~9999
0120 IPAR2=~9999
0121 IPAR3=-99%99
gi122 IPAR4=~9999
0123 IPARS=-9999
0124 IPARG=~9999

012% 1020 DO 1030 I=4,36

0i26 1030 LINE(I)=2H,,

0127 1040 CALL TTYINCLINE)
0128 1042 CALL TEST(1,IST,LO0G)

5129 IF(IST.LT.0)GO TO 1042

0130 CaLL CODE

0131 READ(LINE, 14200 IL

0132 1120 FORMAT(AZD)

0133 CALL CODE

0134 READC(LINEL ,%)IPARL ,IPAR2,IPAR3,IPARA,IPARS,IPARS

BA3S  CORBMNRNOK KN KK K K K KRR KKK K K KK . K KK 3K K K 3 KK 0K KKK KK KK KKK KK K KK K K KK o K KK K K K
0136 C MONITOR COMMAND TABLE

01237 CXRRAOKRKAORN AR IR KKK KK A K KK K KoK 30K 3 K K K K 0K 90K 30K 3K 3K 3K 0 o 32K 3 3 30K oK 3K 3K K K K K KK 0K 3K XK K K
0138 1130 IFLAG=0

0139 CALL RUWCOM(1)

0140 IF(IL.EQ.2H##%)G0 TO 1000 !
01414 NCMMD=24

0142 DO 1438 I=1,NCMMD ‘
0443 IF(IL.EQ.ICMMD(INIGO TO 1144

0144 1138 CONTINUE
0145 1439 WRITE(1,51140)IBELL

0446 1140 FORMAT(/,"ERROR-ILLEGAL COMMAND",A2)

0147 GO TO 1000
0148 1144 IF(I.GT.10)GO TO 1146
0149 GO TO (9004,9004,9064,9004,9004,9004,9004,9004,9004,9004),1
0150 1146 I=I-10
0154 IF(I,GT.40)G0 TO 1148
0452 GO TO (9004,9004,6000,6500,9004,9995,1100,1400,9002,1145),1
0453 1148 I=I-10
i 0154 GO TO (1145,9003,9008,9011),1
; . 0155 1100 CONTINUE
0156 IF(IPARL .EQ.37)G0 TO 9005
0157 IFCIPARL.EQ.10)GD TO 9006
, 0158 IF(IPARL.EQ.6)GO TO 9007
: 0159 GO TO 1139
0160 1145 IF(IPARLi.EQ.-9999)IPARL=0
0164 IF(IPARL.EQ.0) GO TO 1152
0162 IF(IPARY .EQ.4) GO TO 1260
0163 IF(IPARL.EQ.2) GO TO 1400
~ 0164 IF(IPARL .EQ.3) GO TO 1460
0165 IF(IPAR4.EQ.4) GO TO 3000
0166 IF(IPARY .EQ.S) GO TO 1660
0167 WRITE(L,1440)
0168 GO TO 1000
0169 CRRIRKKKKKKIKKKKKKKERKAKKKKAKKRKRKKKKRKKEKKKKRKKEKKKRKK KKK RRK KKK
0170 C COMMAND KYBD 0  TEST ID AND SET-UP

0471  CRRARAAAMAAA MMM KKK A KK AR IR AOKAK KKK KKK AR IR AR KK KKK Rk K
0172 1152 DO 1153 1=4,S
0173 1153 IT(I)=2H

0174 WRITE(1,1154)IPAGE, IBELL

017S 1154 FORMAT(A2,/ ,"ENTER TEST ID-410 CHARACTERS",A2)
0176 READ(4,4456)(ITC(III) ,JTI=4,5)

0177 1156 FORMAT(SA2)

0178 WRITE(L,4235)CIT¢(JJ)),J)J=1,5)
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0179
0480
0161
i 0182
0483
0184
0185
0186
0187
0188
0189
0190
0191
0192
0193
0194
0195
0196
0497
0498
0199
0200
02014
202
0203
3 0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
. 0244
| ’ 0215
0216
0217
0218
0219
0220
0224
0222
X 0223
0224
0225
0226
0227
0228
0229
0230
0234
0232
0233
0234
023%
0236
0237
0238

CALL RWCOM(1)
WRITE(1,1158) IBELL
1158 FORMAT(/,"ENTER DATE - & DIGITS(XXXXXX)",A2)
READ(1,1457)ID(4),1ID(2),ID(3)
1157 FORMAT(3A2)
WRITE(1,1159)IBELL
1159 FORMAT(/,"ENTER NUMBER OF TEST POINTS",A2)
1161 READ(4,%)IP
IF(IP.GT.250) WRITE(4,1180)
IFCIP.GT.2500G0 TO 1161
IF (NUMPT.GT.IP)NUMPT=IP

ALLOW TWO BLOCKS FOR COMMON AND DATA POINTS
AND TWO BLDCKS FOR DISPLAY

s NeNo Nl

XP=3.0%(FLOATC(IP))
IBLS=1BLM-4
Zi=FLOAT(IBLSXIBS)/XP
NM=IFIX(Z1)
IF(NM.GT.10)NM=40
MANRE =NM
WRITE(L,1160)NM
1160 FORMAT(/,"ALLOWABRLE NUMBER OF MODES STORED PER SESSION: ",13)
1180 FDRMAT(/,"ERROR-NUMEBER OF POINTS EXCEEDS 250"™)
1190 CONTINUE
1197 WRITE(4,1200)IRELL
1200 FORMAT(/,"ENTER OPTION TO INITIALIZE THE DATA SPACE",

1/,5X,"0) CLEAR ONLY THE EXISTING MODAL COEFFICIENTS",
2/,5%,"1) CLEAR ALL EXISTING SET-UP FROM PREVIQUS TESTS",
3/,5X%," (GEOMETRY ,CONNECTIVITY,MODAL COEFFICIENTS,ETC.)",
4/,5%,"2) RETURN TO MONITOR",A2,/)

ICOMM=1234%
READ(4,%>1Z4
IF(I1Z4.EQ.0)G0 TO 1210
IF(IZ1.EQ.4)G0 TO 1204
IF(1Z1.EQ.2)G0 TO 1000
GO TO 1197

1204 DO 1188 J=1,3
DO 1188 I=1,40
XXX(J,1)=0.0
IX(JT,1)=0

1188 IC(I)=t
NUMP T=4
ICON=0
NCOM=1

1210 CALL GETQ(O,INQ)
ING(2)=176500B
INQ(3)=77777R
RMAX=0,
IF(IZ4.EQ.0) IZ2=ION-2
IF(I1Z4.EQ.4) IZ2=ION
DO 1220 I=IBM,IZ2
CALL KYBD(2HCL,I)

1220 CALL PUTQ(T,INQ)
DO 1225 I=1,40

1225 RMM(I)=0.0
CALL RWCOM(1)
GO TO 1000

1235 FORMAT(/,“TEST ID IS",23X,5A2)

Ct!tit*#t##t###tl**t#t#lt*t##ttt’rgﬁrttttﬁtt**#t#t*t*tt*tt#t*tmxtt*tt!tt
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6239
6240
0244
6242
0243
6244
0245
06246
0247
02449
0249
0250
02514
0252
0253
0254
02%%
02%6
0257
02%8
02%9
0260
0261
v2s62
0263
0264
0265
0266
0267
0268
0269
0270
0274
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281
0282
0283
0284
028%
0286
0287
0288
0289
0290
0291
o292
0293
0294
029S
6296
0297
0298

C COMMAND KYED 1 COMPONENT DESCRIPTION
CANACRAIORIK KA AR IR KKK KKK AR IOK KKK KKK KK KKK K
1260 WRITE(1,1270)IPAGE, IKELL
£270 FORMAT(A2,/,"ENTER: COMPONENT NUMBER, X, Y, Z, IX, IY, IZ, IC",
1//,5X,"IX,1Y,1Z ARE THE NUMBERS OF THE TRANSDUCERS(4,2,3)",
2/,5X, "IN THE GLOBAL X,Y,Z DIRECTIONS",A2,//)
1275 DO 1277 1=1,36
1277 LINE(I)=2H,,
1280 CALL TTYIN(LINE)
1290 CALL TEST(1L,IST,L0G)
IF(IST.LT.0)GO TO 1290
CALL CODE
£300 READCLINE, %) I
IFCCI.LT.0) . OR.(I.GT.40))G0 TO 1305
IFCI.EQ. 0) ICOMM=1234%
IFCI.EQ.0) GO TO 1000
IFCL.GT.NCOM)NCOM=1
GO TO 1307
1305 WRITE(L,1306)
1306 FORMAT(/, “ERROR~INVALID COMPONENT NUMEER")
GO TO 1275
1307 CONTINUE
CALL CODE
READ (LINEL,%)XXX(1,1),XXX¢2,1),XXX(3,1),
$IXCL, 1), IX(2,1),IX(3,1),ICCI)
CALL RWCOM(1)
GO TO 127%
AR KICKARIORK IR AK AR AOKAOKHOK KKK KK AR KKK KKK KK KK KKK KK KKK KO KK KKK KKK
C COMMAND KYED 2 POINT NUMBER SET-UP
AR IAOR I RIRAHOK KKK KO OK K A KKK KKK KRR KR IR KKK KKK KK KKK KKK
1400 WRITE(1,1410)IPAGE,IBELL
1410 FORMAT(A2,/,"ENTER: POINT NUMBER, X,Y,Z COORDINATES, *
L "COMPONENT NUMBER",A2)
C
C PHOTOREAD OPTION - COURDINATES
C
CALL IOSW(NU,1)
IF(NU.ER.S) PAUSE 1
1420 READ(NU,%)I,Z4,22,73,125
IF(I.GT.IP) GO TO 142%
IF(I.EQ.0) ICOMM=12345
IF(I.EG.0) GO TO 1000
IF(I.LT.0)GO TO 1425
IF(I.GT.NUMPT)NUMPT=]
CALL RWCOR(I,Z1,Z2,Z3,ICM,0)
IPTCM(I)=1ZS
CALL RWCOM(1)
GO TO 1420
1425 WRITE(4,1427)
1427 FORMAT(/,"ERROR-INVALID POINT NUMBER™)

GO TO 1420
S0 0008 50 850K 3038 K0 0K 308 K K 3K 2 K oK R 3K K K 3K ORI MR N KKk 3K K K K kK
c COMMAND KYBD 3 CONNECTIVITY SET-UP

30000 000K 3K 0K 9K 335K 0K 3K KK KOOI KK KROKOKRORAOK R AOK KKK KKK KRR KRR KRR KK KKK
1460 WRITE(1,1470)
1470 FORMAT(/,"CONNECTIVITY MONITOR")
1480 WRITE(41,1485)IBELL
1485 FORMAT("xC",A2)
IPARL=-9999

IPAR2=~-9999
A-212




0299 CALL IPUTC(IL,IPARi,IPAR2,IPAR3,IPARA)
0300 1490 IF(IL.EQ.2HK ) GO TO 1510

0301 IFCIL.EQ.2HW ) GO TO 1530

0302 IF(IL.EQ.2H/I> GO TO 1570

0303 IF(IL.EQ.2H/D) GO TO 1640

0304 IFCIL.EQ.2HR ) GO TO 31640

030% IF(IL.EQ.2H% ) GO TO 1500

0306 IF(IL.EQ.2HC ) GO TO 1655

6307 IFCIL . EQ.2H/R) GO TO 1656

0308 WRITE(1,1140)

0309 GO TO 1480

03106 C

0311 C COUNTER COMMAND - CONNECT1VITY
03i2 C

0313 1500 ICON=IPARYL

0314 GO TO 1480

031% C

0316 C KEYBOARD COMMAND —~ CONNECTIVITY
0317 C

0314 1510 1Z2=-9999

0319 READC(L ,%)1Z4,122

0320 IF(IZ1 . EQ.0)ICOMM=12345

0324 IFC(IZ4 .EQG.0) GO TO 1480

0322 IF(CIZ2.LE.0),AND, (IZ2.6T.-9998)) GO TO 1480
0323 IFC(IZ4 . LT.0),.AND,(IZ2.NE,~9999)) GO TO 454%
0324 GO TO 1516

032% 1515 I1Z4=1ARS(1Z1)

0326 IFCICON.GT,.SO00)WRITE(L,1535)

0327 IF(ICON.GT.500>G0 TO 1480

0328 1535 FORMAT(/, "ERROR-MAXIMUM NUMEER OF DISPLAY VECTORS EXCEEDED")
0329 ICON=ICON+1

0330 CALL RWCONCICON,IZ$,I0N,0)
0331 INC=1

6332 IF(IZ4.GT,1Z2)INC=-1

0333 1Z1=1Z4+INC

0334 1516 IF(IZ2.EQ.-9999)1Z22=1Z11%
0335 IF(IZ2.LT.1I21) GO TO 152t
0336 C

0337 C INCREMENT POINT NUMBERS
0338 C

0339 DO 41520 I=I1Z4,IZ2

0340 IFC(ICON.GT.S00)WRITE(4,153%)
0341 IF(ICON.GT.500)G0 TO 1480
0342 ICON=ICON+¢

0343 1520 CALL RWCON(TCON,I,ION,O0)
0344 CALL RWCOM(1)

034S GO TO 15490

0346 C

0347 C DECREMENT POINT NUMBERS
0348 C

0349 1524 1Z4=1Z21+14

0350 125=121-1Z2+1

03514 DO 1522 I=1,1Z5

03%2 124=174~4

0353 IF(ICON.GT.S00)WRITE(4,453%)
0354 IF(ICON.GT.S00)G0 TO 1480
0355 ICON=ICON+1

0356 1522 CALL RWCON(ICON,IZA4,ION,D)
0357 CALL RWCOM(1)

0358 GO TO 1540
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L..._A . RPN

0359
0360
0364
0362
0363
0364
0365
0366
0367
0368
0369
0370
0374
0372
0373
0374
037%
0376
0377
0378
0379
6380
03814
0382
0383
0384
038%
0386
0387
0388
0389
0390
03914
0392
0393
0394
6395
0396
0397
0398
0399
0400
0401
0402
0403
0404
0405
0406
0407
0408
0409
0410
04411
0442
0443
0414
0415
0416
0417
0418

oo

c
c
c

o000

aco

1530

1540

1550
1560

1562

1570
1580

1590
1600

16410

1620
1630

1640

PRINT COMMAND - CONNECTIVITY

IF(IPARL . NE.-9999) GO TO 1540
IPARL=}

IPAR2=ICON

NU=4

IFCIPARL.LT.L)GO TO 1000
IF(IPAR2 .EQ.-9997)IPAR2=]IPARY
IFC(IPARZ.LT.1)G0 TO 1000

DD 1550 I=IPAR4i,IPAR2
IF(ISSW(14) .LT.0)GO TO 1562
CALL RWCON(I,IZ3,I0N,1i)
WRITE(NU,1%60)1,1214

FORMAT (216)

CONTINUE

GO TO 1480

INSERT ’*AFTER’ COMMAND CONNECTIVITY

1Zi=IPARL+1

READ(4,%) 122

IF(IZ2.EG.0) GO TO 1480
IF(ICON.GT.S00)WRITE(L,1535)
IF CICON.GT.S00)G0 TG 1480
ICON=ICON+1

DO 1590 I=1,ICON
124=ICON~I

1Z5=1ZA+1

IF(IZ4.LT.IZ4) GO TO 1600
CALL RWCON(IZA,IZ3,IO0N,1)
CALL RWCON(IZS,IZ3,I0N,0)
CALL RWCON(IZ1,IZ2,10N,0)
I1Z1=1Z3+1

GO TO 1580

DELETE COMMAND ~ CONNECTIVITY

IF(IPARY .EQ.~9999)G0 TO 1485
IF (IPAR2.EQ.-9999)IPAR2=IPARY
I1Z1=IPAR2-IPARL+4

DO 1620 I=1,ICON
1Z2=IPARL+I-1

1Z3=1PAR2+1

IF(IZ3.GT.ICON) GO TO 1630
CALL RWCON(IZ3,IZ4,I0N,1)
CALL RWCON(IZ2,1Z4,I0N,0)
ICON=ICON-IZ1

GO TO 1480

PHOTOREAD OPTION - CONNECTIVITY

CONTINUE

ICON=0

CALL IOSW(NU,1)

IF (NU.,NE.B)NU=S
READ (NU,%) IZ1,1Z2
DO 1650 I=IZ4,1Z2
READ(NU,X)IZ3,1Z4

IF(1Z24.EQ.0)G0 TO 1480
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0419
0420
0421
0422
0423
0424
0425
0426
0427
0428
0429
0430
0434
0432
0433
0434
0435
0436
0437
0438
0439
0440
0441
0442
0443
0444
0445
D446
0447
0448
0449
0450
0454
0452
0453
0454
0455
0456
0457
0458
0459
0460
0464
0462
0463
0464
0465
0466
0467
0468
0469
0470
0471
0472
0473
0474
0475
0476
0477
0478

IF(ICON.GT.S00)WRITE(L,1535)
IF(ICON.GT.500)G0 TO 1480
ICON=ICON+1
1650 CALL RWCONCIZ3,IZ4,I0N,0)
GO TO 1480
1655 CONTINUE
ICOMM=12345
CALL RWCOM(1)
GO TO 1000

REPLACE COMMAND -~ CONNECTIVITY

aOn

1656 CONTINUE
1Z1=IPARS
IF(IZ1.GT.ICONDWRITE(1,1658)
1658 FORMAT(/, "ERROR~CONNECTIVITY LINE NUMEBER TOO LARGE",//)
IF(I1Z4.GT.ICONYGD TO 1480
1657 READ(4,%)1Z2
IF(I1Z2.EQ.0)G0 TO 1480
CALL RWCON(IZ1,IZ2,10N,0)

1Z4=1Z4+4

GO TO 1657
C0KOK KK AORKOK ORI A ACKORNOKIOK AR OK KKK AR KK KKK OO MK oK 3 K KKK 0K K KK o 3K Kk K KKK K
c COMMAND KYRD 4 FREQUENCIES AND DAMPING

C00R BRI K K K4 BRSO KRR KKK KKK 0 S A0S K RSO KKK KKK KK K K oK oK KoK 0K 3k K K
3000 CONTINUE

WRITE(L,3002)IPAGE, IBELL
3002 FORMAT(AZ,/,"ENTER RECORD NUMBER OF TYPICAL DATA",A2)

READ(1 ,X%)IREC

CALL KYBD{(2HMS,341,IREC)

CALL KYBD(2HMS,11)

FSHFT=RH(1)

DF=RH(2)
c
c MCF = 6 MEANS THAT FREQ/DAMP DATA HAS BEEN MANUALLY ENTERED
c

MCF=6

WRITE(1,3005) IBELL

3005 FORMAT(/,"ENTER: MODE NUMBER,FREQUENCY,ZETA(X)",/

1, "TERMINATE WITH MAXIMUM MODE,ZERO",A2,//)
3040 CONTINUE

READ( 4, %) IMODE ,F,Z

IF (IMODE .EQ.0)GO TO 1000

IF(F.EQ.0.0)MANRE=IMODE

IF(F.EQ.0.0)GD TO 1000

IF (CIMODE.LT.1).0R, (IMODE.GT.10))G0 TO 3400

FRQ( IMODE)=F

ZETA(IMODE)=Z

IBCIMODE)=FXZ/(DFXSQRT (10000, 0~ZX%2))

NCN{ IMODE ) =F /DF ~F SHF T/DF +1

GO TO 3040
3400 CONTINUE

WRITE(4,3405) IBELL
3405 FORMAT(/,"ERROR-INVALID MODE NUMBER",A2,/)

GO TO 3040
AN KRR RO KKK KRR ORI KR AR ROKNOK R A KK KKK KR KKK KKK KK KK KK K
c COMMAND KYBD S MODAL COEFFICIENTS

0000058 900 200 0030 8030300 0 330 0020 00 20 00 30 20 00000 00 000 K0 00 000 0 0K 0 2K K 0 KK 2 K K ke
1660 WRITE(1,8679)IPAGE,IBELL
1670 F IMAT(A2 "ENTER: MODE NUMBER, POINT NUMBER, X,Y,Z "
A-215




0479 1"DEFORMATIONS, X,Y,Z PHASE ANGLES",

0480 2/,5X,"(DEFORMATIONS = + DR - MAGNITUDE)*“,
0401 3/,5X, " (PHASE ANGLES = 0 TO 180 DEGREES)",/,A2)
0482 C
0483 C PHOTOREAD OPTION - MODAL COEFFICIENTS
0484 C
048% CALL IOSW(NU,1)
0486 IF (NU.EQ.S) PAUSE 2
0487 1680 READ(NU,%¥OM,I,Z1,22,23,L01,L02,L03
H 0488 IF(M.LE.0)GO TO 1000
0489 RMAX=RMM (M)
6490 CALL RWCMC(1,Z4,L0%,M,I,IP,IEM,RMAX,0)
0491 CALL RWCMC(2,Z2,L02,M,1,IP,IBM,RMAX,0)
0492 CALL RWCMC(3,Z3,L03,M,I,IP,IEM,RMAX,0)
0493 RMM (M) =RMAX
0494 GO TO 1680
0495 C
0496 C STORE AND READ SET-UP AND MODAL DATA TO AND FROM DISC
0497 C
0498 C READ
0499 C
0500 6000 CALL KYED(2HMS,3%,1)
0501 CALL KYED(2HMS,25)
0502 IF(IPARL.EQ.-9999)G0 TO 9041
0503 IFC((IPARY.GE.0).AND, (IPARL.LE.B00)) CALL KYBD(2HMS,31,IPARL)
0504 IF((IPARL.LT,.0).0R.(IPARL.GT.B800))G0 TO 6800
0505 CALL KYBD(2HMS,11,0)
0506 CALL KYED(2HMS,341,-1,1)
0507 CALL RWCOM(~1)
0508 IF (ICOMM.NE. $2345)C0 TD 6800
0509 CALL KYBD(2HMS,1i,I0N)
0510 CALL RWCOM(D)
0511 IF (ICOMM.NE . 12345)G0 TO 6800
0542 NMP =0
0543 IRJ=ICM
0514 CALL KYED(2HMS,11,IRT)
0545 IRT=IRT-1

0516 6100 DO 6200 I=IHEM,IRJ
0547 6200 CALL KYBD(2HMS,ii,I)

; 0518 CALL KYED(2HMS,35,1)
| 0519 CALL KYRD(2HMS,1S)
| 0520 ICOMM=12345
0521 WRITE(1,1235)C(IT(D),I=1,5)
; 0522 GO TO 1000
L 0523 C
0524 C STORE
0525 C
0526 6500 CALL KYBD(2HMS,3S,1)
0527 CALL KYBD(2HMS,25)
0528 IF(IPARL .EQ.-9999)G0 TO 9011t
0529 IF(CIPARL.GE.0) ,AND, (IPARL .LE.B800))CALL KYBD(2HMS,31,IPARY)
0530 IF((IPAR4.LT.0),0OR.(IPARL.GT.B00))GO TO 6800
0534 IL=2HeS
0532 CALL RWCOM(1)
0533 IH(6)=525258
0534 IH(9)=40
0535 IH(10)=IT(1)
0536 TH(14)=1T(2)
0537 IH(12)=1IT(3)
0538 IH(13)=IT(4)
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0539 IH(L ) =IT(5)
0540 IH(34)=2H714

0541 CALL KYED(2HMS,21,I0N)

0542 CALL KYBD(2HMS,24,1CM)

0543 IH(34)=2H72

0544 IRJ=ICM~1

0545 IPARL=IPARL+2

0546 DO 6700 I=1EBM,IRJ

0547 IPARL=IPARL+1

0548 6700 CALL KYED(2HMS,21,1)

0549 WRITE(1,6701)IPARY

0550 6701 FORMAT(/,"NEXT DATA RECORD IS “,I4)
0554 CALL KYED(2HMS,35,1)

0552 CALL KYED(2HMS,15)

0553 GO TO 1000

0554 6800 WRITE(1,6801)
0555 6804 FORMAT(/,"ERROR-INVALID DATA RECORD")

0556 NMP =0
0557 1COMM=12345
0558 GO TO 106060
0SS9  CRIRKIKAICOIIOROKIORNOKK K IORKK ORI ORI IR KKK IOK IR OKIIOIORKKKR
0560 C EXIT TO OTHER OVERLAYS
0561 CRRMIKKKAKKIOKKA AR KIK AR KA OKIIK IR HOR KRR KKK ORI KK KKK KKK
0562 9002 I=2
0563 GO TO 9900
0564 9003 I1=3
0565 GO TO 9900
0566 9004 I=4
0567 GO TO 9900
0568 9005 1=5
0569 GO TO 9900
0570 9006 I=6
05714 GO TO 9900
0572 9007 I=7
0573 GO TO 9900
0574 9008 1=8
0575 GO TO 9900
0576 9011 I=14
6577 GO TO 9900
0578 9900 CONTINUE
0579 IFLAG=1
0580 CALL RWCOM(1)
0581 CALL KYED(2HMS,38,1)
. 0582 CALL OVLD(9)
0583 9995 CONTINUE
0584 IL=2H#
058S IF (ICOMM.EQ. 12345)CALL RWCOM(1)
0586 CALL KYBD(2HBS,IES, D)
0587 RETURN
0588 END
0589 END$
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Y202

0001
0002
0003
604
0008
0006
0007
6008
0009
0010
0011
0012
0013
0044
0015
8016
0017
0018
6019
0020
no21
go22
0023
0024
002%
0026
0027
0028
0029
0030
0031
0032
0033
0034
003%
0036
0037
0038
0039
0040
0041
D042
0043
0044
004S
0046
0047
0048
0049
0050
00%14
00s2
0053
0054
00%S
10S6
0057
g0s8

T=00004 IS ON CRUOOG103 USING 00082 BLKS R=0702

FTN4
SUBROUTINE YOO0O09CINTOT,IPAR)

THIS PRUOGRAM 1S STORED UNDER s$Y902
20K R KK KKK K KKK K 3K KKK KK 3K 9K 5 0 KKK 3K K 3K 0K KKK OKOK 30K KK KO OK KK K KK KK KK KK KK KK KK
PROGRAMMER : R.J.ALLEMANG
MAIL LOCATION # 72
UNIVERSITY OF CINCINNATI
CINCINNATI, OHID AS224
513-475-6670

oo

o—
8

REVISION DATE: DEC 17,1979

Ccoo

~—

AR OKIOKOR KRR KKK KKK AOKIOK K KRAR KKK KKK JOK KKK KKK KK KKK KK KK KK
DIMENSION IPAR(6),LINE(36),LINES(35),IZ¢40),INQ(6)
4,IDIV(L) , ICMMD(24) , TH(1) , IX1C¢4) ,IYL (L), IDX(4),IDY (1)
2,1C1(1), IPTCM(1)
EQUIVALENCE (LINE(2),LINE4)
COMMON ICOMM,MANRE , MDVA,BETA, IELS,IT(S),ID(3),IP ,NUMPT
1,NM, ICON,NCOM, XXX (3,40),IX(3,10),ICC(10) ,NMP ,XR(3),A(2,3)
2,003), TK(10) ,NCNCL10),SF(2),XXA(2,3),YYA(2,3)
3,FSHFT,DF ,MCF, IZR,IL.,IPARY, IPAR2,IPAR3,IPAR4, IPARS, IPARG
4,IFLAG,NS,NE,RMM(10) ,FRQ(10),ZETA(10)
EXTERNAL HDR8,DTADO, NMAX
DATA ICMMD/2HD ,2HV ,2HY ,2HEX,2H: ,
12HM ,2H_ ,2HRD, 2HA-,2HANM,
DOHCH, 2HSP , 2HX(,
I2HX) ,2HCV, 2HC L, 2HE , 2HL
42HW ,2HI ,2HK ,2HA+,2H/L,
SAHX /
SRR KKK KKK AOKAOKHOKAOK IO KRR HOK IO KK KKK KKK KR KKK KK KK KKK KK
C UNIVERSITY OF CINCINNATI/LEUVEN MODAL ANALYSIS PROGRAM
C
C OUTPUT PROGRAM (PRINT COMMAND)
CRORAAAORK AR AKAOK KK KKK AR AOKOKK K KKK IR KK HOK KKK KK KKK ORI KR KK KKK KKK
IBELL=7H
IPAGE=15414R
CALL SETAD(HDRS,IM,-8,0)
ICOMM=0
IES=1024
CALL KYED(2HBS,IKS,0)
CALL GETI(NMAX,IELM)
ION=1BLM-1
ICM=I0ON~1
IEM=2
1=TONXIBS+270
CALL SETAD(DTADO,IPTCM,I,-1)
CALL RWCOM(0)
IF (ICOMM.EQ.12345)G0 TO 900
CALL KYBD(2HMS,38,-2,1)
CALL OULD(9)
900 CONTINUE
IF(IFLAG.EQ.$)G0 TO 1130
CARARAIR KRR KKK IR AR AR KKK R KKK KA KKK KK KKK
c START OF MONITOR
CRAORRKKRARRKAKRANK KKK AR AR AR KKK KKK KKK KRR AR K KRR
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S e

0059
0060
0064
0062
0063
0064
0065
0066
0067
0068
0069
0070
0074
0072
8073
0074
0075
0076
0077
6078
6079
0080
0081
o082
0083
0084
0085
0086
0087
0088
0089
00906
6091
0092
0093
0094
009S
0096
0097
0098
0099
0100
0101
0102
0103
0104
040S
0106
0107
0108
0109
0110
01114
04142
0113
0114
0115
0146
0117
01186

1000 WRITE(4,1010)IBELL
1010 FORMAT("X",A2)
I=ISWR (1776778,0,0)
IPAR1=-9999
IPAR2=-9999
IPAR3=-9999
IPARA=-9999
IPARS=-9999
IPARGL=-9999
1020 DO 1030 I=1,36
1030 LINECI)=2H,,
1040 CALL TTYINCLINE)
1042 CALL TEST(1,IST,LOG)
IFCIST.LT.0)GO TO 1042
CALL CODE
READ(LINE,1120)IL
1120 FORMAT(A2)
CALL CODE
READ(LINE1,%)IPAR4, IPAR2, IPAR3, IPAR4, IPARS, IPARG
CHKAKRIAOKAIOKAKK IO AIORIKAOKIKHKARA A HOK KK AK KRR KKK KKK AKX KK KKK KK KKK K KK
c MONITOR COMMAND TABLE
CRAAARKR AR KK HRR IR AAHORACK AR AR IOKOK KRR AR AOK AR KA IOR KKK KKK KKK
1130 IFLAG=0
CALL RWCOM(1)
IFC(IL.EQ.2H#4)GO TO 1000
NCMMD=24
DO 1138 TI=1,NCMMD
IF(IL.EQ.ICMMD(I))GOD TO 1144
1138 CONTINUE
1139 WRITE(1,1140)
1140 FORMAT(/,"ERROR-ILLEGAL COMMAND")
GO TO 1000
1144 IF(I.GT.10)G0 TO 1146
GO TO (9004,9004,9004,9004,9004,9004,9004,9004,9004,9004),1
1146 I=1-10
IFCILGT.40)G0 TO 1148
GO TO (9004,9004,6000,6500,9004,9995,1400,1100,1142,9004),1
1148 I=I-10
GO TO (9001,9003,9008,9081),1
£400 CONTINUE
IF(IPARY .EQ.37)G0 TO 9005
IF(IPARL.EQ.107G0 TD 9006
IF(IPARY .EQ.6)G0 TD 9007
GO TO 1139

PRINTER COMMAND TABLE

PRINT COMMAND DEFAULTS TO SET-UP FILE

coaoaon

1142 IF(IPARL.EQ.-9999)IPARL=0
IF(IPARY.EQ.0)GO TO 1250
IF(IPARL.EQ.1) GO TO 1340
IFCIPARL.EQ.2) GO TO 1430
IFC(IPARL.EQ.3) GO TO 1525
IF(IPAR1.ER.4) GO TO 1690
IF(IPARL.EQ.S) GO TO 1695
WRITE(1,1140)

GO TO to000
0K 3K 3K K KO0 K KK 00K KK KK IR R IR KK AR KKK AR ROK RO KKK KKK
c COMMAND PRINT 0 TEST ID AND SET-UP
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0119
6120
01214
0122
0123
0124
042%
0126
0127
0328
0129
430
0431
0132
0133
0134
013%
0436
0437
0138
0139
01490
04414
0142
0143
0144
014%
0146
0147
0148
0149
0150
0154
0152
0153
0154
6155
0156
0157
6158
0159
0160
G161
0162
0163
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
0476
04177
0178

e

0000 0H0OK ORI KK K KKK OK KKK 30K K K K 9K K K K 2K K 8 3o 3K 3K 0K 32K 3K 3K 308 00 0K KK KKK K K 30K K KK

c

c PRINT-0UT FOR KYED 0

c

1250 CONTINUE
CALL TOSW(NU, )
WRITE(NU 4235 (IT(IIT) ,JTI=1,%5)

123% FORMAT(/,"TEST ID I%",23X,5A2)
WRITE(NU,1254)IDC4),ID(2),IDC3)

1254 FORMAT("DATE 18" ,26X,3( A2,1X),/)
WRITE(NU,L2%2)IP ,NM

1252 FORMAT ("NUMRER OF POINTS IS",20X,13,/,
1 "NUMRER OF MODES I8",22X,12)

GO TO 1000
C0OK KKK KKK KKK K0 0K 00K K KK KKK K KK KK KK 2 3 30K ¢ K K 3K o 3 3K 3 0 3 KK 0K 3K 0K K 0K KK 3K K 0K 0
C COMMAND PRINT 1§ COMPONENT DESCRIPTION

20 0 KK K 3K K KKK K K K K 2 358 0 00 305K 30 ok 38 30 30 60K A0 3K 300 30 30000 30 0 0000 0 00 0200000000 3 300K KK 00K K

PRINT COMMAND -~ COMPONENTS

oo

1340 IZt=IPAR2
1Z2=1PAR3
IF(IPAR2 .EQ.~9999) 1Zi={
IF (IPAR2.EQ.-9999) 1Z2=NCOM
IFCCIPAR2.NE.-9999) .AND. (IPAR3 . EQ.-9999))1Z2=1Z4
IFC(IZL.LE.0).OR.CIZ1.GCT.NCOM))IZEi=1
IFCCIZ2,LE,0) . OR. (122,GT . NCOM) ) IZ2=NCOM
CALL TOSW(NU,0)
DO 1320 I=IZ1,1Z2
1320 WRITE(NU,1330)T,XXX (L, 1), XXX(2,1),XXX(3,1),IX(1,1),IX(2,1)
£,IX(3,1),1C(1)
1330 FORMAT(2X,I2,2X,3F11.4,416)

GO TO 1000
0000 20 0 30K KK KKK KK KKOKOK K K K K K KO8 K 3K K 9K K K K 360 0 08 3K 0080 360K K 00 00 003K 30Kk ok oK oK 0K 0K
c COMMAND PRINT 2 POINT NUMBRER SET-UP

AR HOKIOORK KKK KKK KK KKK KKK KKK KKK ORI KR KKK
c
C PUNCH/PRINT  OPTION - COORDINATES
C
1430 CONTINUE
CALL IOSW(NU,0)
IR=0
1Z1=IPAR2
1Z2=IPAR3
IFCIPAR2 . EQ. ~9999) IZ2=NUMPT
IFCIPAR2.EQ. ~9999)1Z4=1
IFCCIPAR2.NE.-9999) ,AND, (IPAR3.EQ.~9999) ) 1Z2=IPAR2
IFC(IZL.LE.0).OR.¢IZ1.GT .IP))1Z=1
IF((IZ2.LE.0),0R.(1Z2.67.1P)) IZa=NUMPT
IFC(NU.EQ.1).OR, (NU.ER. 6))WRITE(NY, 1432)(IT(I),I=1,5)
1432 FORMAT("",/, "TEST I.D. ", 5A2,
$2/,"POINT" , 40X, "X", 11X, Y", 14X, "Z",5X, "COMPONENT", /)
DO 1440 I=124,1Z2
IF(ISSW(14),LT.0)60 TO 1000
CALL RWCOR(I,Z1,Z2,Z3,ICM,1)
125=IPTCM(I)
IF(NU.EQ.B)GD TD 1434
IF(NU.EQ.4)GO TO 1434
IR=IR+1
IFC(IR.GT.S4)WRITE(NU, 1432)(IT(IY),1J=4,5)
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04179 IF(IR.GT.S4)IR=0
0180 1434 CONTINUE
0184 1440 WRITE(NU,1450)1,74,22,7Z3,125

0182 I=0
0183 IFC((NU.NE.4) .0R.(NU.NE.8))GO TO 1000
0184 WRITE(NU,1450)1,12%,22,23,125

0185 1450 FORMAT(IS,1X,3¢(3X,F10.2),1X,I5)

0186 IF(NU.NE.B)GO TO 4000

0487 END FILE NU

0188 GO TO 1000

0189  CRKIKIKKAIKKIK KK KAOKIOIOKIOKK KK KKK IOKKIORK KRR KKK KKK KKK KK K
0190 C COMMAND PRINT 3 CONNECTIVITY SET~UP
D494 CRRIKIKOKIONKKIRKKIORIHRICKKOKKRIOKKKOKI KKK KKK KKK KKK AOKOKK KK KKK K R KKK
0192 C

0193 ¢ PRINT COMMAND - CONNECTIVITY

0194 C

0195  152% IPAR1=IPAR2

0196 IPAR2=IPAR3

0197 1530 IF(IPARL.NE,-9999) GO TO 1540

0198 IPARL=1

0199 IPAR2=ICON

0200 1540 CALL IOSW(NU,O0)

0201 C

0202 C© PUNCH OPTION CONNECTIVITY

0203 C

0204 IF(IPARL .LT.1)G0 TO 1439

0205 IFCIPAR2.EQ.-9999) IPAR2=IPARL

0206 IF(IPAR2.LT.1)G0 TO 1139

0207 IFC(NU.E@. 1) .0R. (NU.EQ.6))G0O TO 1545
0208 WRITE(NU,1560)IPARY,IPAR2

0209  154% CONTINUE

0210 DO 1550 I=IPARL,IPAR2

0211 IF(ISSW(14).LT.0)G0 TO 1562

0212 CALL RWCON(I,IZ4,ION,1)

0213 1550 WRITE(NU,1560)1,124
0214 1560 FORMAT(216)

021S IF(NU.NE.B8)GO TO 1562

6216 END FILE NU

0217 1562 CONTINUE

0216 GO TO 1000

0249 CBMMMMKNM ORI KKK K KKK K KKK 3K KK KK K K KOBOK KK K 3K KK KKK KK K KK K K KK K
0220 C COMMAND PRINT 4 FREQUENCIES AND DAMPING

0224  CRMKMMMMAMMMNM N KA KA A K KK K O OK KK AR KK KK KKK KKK KKK KKK AR A0 A KKK X K
0222 1690 CDNTINUE

0223 CAaLL T0SW(NU,0)

0224 IF((NU.EQ.1) ,0R. (NU,EQ.6)IWRITE(NU,2000)

022as 2000 FORMAT(/,"MODE CHANNEL BANDWIDTH FREQUENCY ZETA(X)"
0226 i," METHOD MODE", /)

0227 DO 1692 I=1,MANRE

0228 J=MCF

0229 IFC(LI.GT.NM)J=0

0230 WRITE(NU,1693)I,NCNCI) ,IBCI) ,FRQCI),ZETACI) ,JT,1I

0231 IF(I.EQ.NMIWRITE(NU,1696)

0232 1696 FORMAT(" ")
0233 1692 CONTINUE
0234 1693 FORMAT(I3,3X,15,6X,13,4X,F10.3,2X,F410.7,4X,13,4X,I3)

0235 IF(NU.NE.8)GO TO 1000
0236 END FILE NU
0237 GO TO 1000

0238 C*l****#*l##***#*tll*t#*#*‘t*ll*:r;é{*tt#**###tttllt#t!l#*l!t*lltltttl*




023% C COMMAND PRINT S PRINT OF MODAL COEFFICIENTS
0240  CRAIMAMIOKIKIIOKIK KKK KKK KKK KNOK KKK KKK KRRk R KK
0241 1695 CONTINUE

0242 1Z1=IPAR2

0243 IF(IZ31.6T.NM)IZi=1

0244 I=IPAR3

024% 1Z2=1PARA4

0246 IF(I.LE.0) I=t

0247 IFCI.GT.IP)I=1

0248 IE(IZ2.LE,0)IZ2=NUMPT

0249 IFC(IZ2.6GT.IP)1Z2=NUMPT

0250 ¢

0251 © PUNCH OPTION MODAL COEFFICIENTS

0252 C

0253 CALL IOSW(NU,0)

0254 IF((NU.EQ.4).0OR, (NU.EQ.6))WRITE(NU,2002)

0255 2002 FORMAT(/,"MODE POINT X,Y,Z DEFORMATIONS"
0256 i," X,Y,Z PHASE ANGLES",/)

6257 RMAX=RMM(I21)

0258 DO 1700 II=I,IZ2

0259 IFC(ISSW(14).LT. 0060 TO 1000

0260 CALL RWCMC(4,Z%,L04,IZ4,I1,IP,IBM,RMAX,1)

0261 CALL RWCMC(2,22,L02,1Z1,1I1,IP, 1EM,RMAX,1)

0262 CALL RWCMC(3,Z3,L03,1Z4,11,IP, IEM,RMAX,1)

0263 C

0264 C THIS WRITE MUST BE THE SAME AS 1680

0265 C

0266 1700 WRITE(NU,1710>1Z4,11,74,Z2,23,L04,L02,L03
0267 1710 FORMAT(I2,I5,1X,3(2X,642.3),3(2X,14))

0268 121=0 |
0269 11=0
0270 Z1=0.0 |
0271 72=0.0 :
0272 73=0.0
0273 LO1=0
0274 LO2=0
027S LO3=0
0276 WRITE(NU,1740)1Z4,11,24,22,7Z3,L04,L02,L03
0277 IF(NU.NE.B)GO TO 4000
0278 END FILE NU :
0279 GO TO 1000 ‘
0286 €
0281 C STORE AND READ SET-UP AND MODAL DATA TO AND FROM DISC
0282 C 4
0283 € READ j
0284 C ;
0285 6000 CALL KYBD(2HMS,3S,1) ‘
; 0286 CALL KYBD(2HMS,25) |
0287 IFC(IPARY .EQ.-9999)G0 TO 9014 ]
f 0288 IF(CIPAR1.GE.0).AND. (IPARL.LE.B00)) CALL KYBD(2HMS,3i,IPARY)
; 0289 IF(CIPARY.LT.0).0R. (IPARL,GT.800))G0 TO 6800 i
0290 CALL KYBD(2HMS,11,0)
0291 CALL KYBD(2HMS,31,-1,1)
0292 CALL RWCOM(-1)
0293 IF (ICOMM.NE.12345)G0 10 6800 ‘
0294 CALL KYBD(2HMS,11,I0N) i
0295 CALL RWCOM(0)
0296 IF (1COMM.NE. 12345)G0 TO 6800
0297 NMP =0
0298 IRI=ICN
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0299
0300
0304
0302
0303
0304
030S
0306
0307
0308
0309
0310
0311
03412
0343
0314
0315
0316
0317
0318
6349
0320
03214
0322
0323
0324
032%
0326
0327
0328
0329
0330
0331
0332
0333
0334
033s
0336
0337
0338
0339
0340
03414
0342
0343
0344
0345
0346
0347
0348
0349
0350
0351
03%2
03%3
0354
035%
0356
0357
0358

CALL KYED(2HMS,11,IRJ)
IRT=IRT~1

6100 DO 6200 L=IEM,IRJ

6200 CALL KYBD(2HMS,11,1)
CALL KYBD(2HMS,35,1)
CALL KYBD(2HMS,15)
ICOMM=12345
WRITE(1,1235)(IT(D),I=1,%)
GO TO 1000

STORE

oo

6500 CALL KYkU{2HMS,35,1)
CALL KYED(2HMS,25)
IF(IPARYL .EQ.-9999)G0 TO 9011
IF(CIPARL.GE.0).AND. (IPARL.LE.800))CALL KYBD(2HMS,31,IPARYL)
IFCCIPARL.LT.0) . OR, (IPARY.GT.B00))CD TO 5800
IL=2HE$
CALL RWCOM(1)
IH(6)=52525H
IH(9)=40
IHCL0) =TT (1)
THCL1) =TT (2)
IH(12)=1IT(3)
IH(13)=1T(4)
IH(14)=1T(S)
IH(34)=2H71
CALL KYRD(2HMS,21,I0N)
CALL KYBD(2HMS,21,ICM)
IH(34)=2H72
IRJ=1CM-1
IPAR1=IPARL+2
DO 6700 I=1EM,IRJ
IPARL=IPARL+4
6700 CALL KYBD(2HMS,2i,1)
WRITE(L,6701) IPARY
6701 FORMAT(/,“NEXT DATA RECORD IS ",14)
CALL KYBD(2HMS,35,1)
CALL KYED(2HMS,15)
GO TO 1000
6800 WRITE(1,6801)
6801 FORMAT(/,"ERROR-INVALID DATA RECORD")
NMP=0
ICOMM=12345
GO TO 1000
CRARAAK AR KORROK KKK KKK KR MOK K KOK AKX KKK KKK KK KKK
C EXIT TO OTHER OVERLAYS
CRRRKARK RN RAOKAOKKOOIORKORK ORI KK KK AR KR KK
9004 I=t
GO TO 9900
9003 I=3
CO TO 9900
9004 I=4
GO TO 9900
9005 I=%
GO TO 9900
9006 I=6
GO TO 9900
9007 1=7

GO TO 9900 A-223




0359 2008 [=8

0360 GO TO 9900

0364 9011 I=44

0362 GO TO 9900

0363 9900 CONTINUE

0364 IFLAG=1

0365 CALL RWCOM(1)

0366 CALL KYEBD(2HMS,38,1)

0367 CALL OVULD(?)

0368 9995 CONTINUE

0369 IL=2H##
L 0370 IF (ICOMM.EQ.12345)CALL RWCOM(1)
! 0374 CALL KYBD(2HBS,IRS,0)

0372 RETURN

0373 END

0374 ENDS




$Y?03 T=00004 IS ON CRO0103 USING 00063 EBLKS R=0%48

0004

ooz
0003
0004
0005
0006
0007
ooos
0009
0010
0044

goi2
0013
0014
0015
0016
0047
00148
0049
6oad
no21
0o2e
0023
ho24
0o02%
6026
0027
0028
0029
0030
0031
go32
6033
0034
003S
0036
0037
0038
0039
0040
00414

0042
0043
0044
0045
0046
0047
0048
0049
0050
0054
0052
0053
0054
0055
0056
0057
0058

FTN4
SUBRODUTINE YOOO09CINTOT,IPAR)

THIS PROGRAM IS GTORED UNDER $Y?03
KK KR A 0 KOO K 503 3K K K oK SR K K K K KK o 30K KKK KKK K KKK KK KKK K KKK KKK K

C

c

c

C

c

c PROGRAMMER: R.J.ALLEMANG

c MAIL LOCATION #% 72

» UNIVERSITY OF CINCINNATI
» CINCINNATI, OHIO 45221
C $513-475~-6670

C
c
c
C

REVISION DATE: DEC 17,4979

HRRK ORI IO KOO KKK KOO ROK KKK OK KKK KKK KRR IR KKK KK KKK

DIMENSION IPARC6),LINE(36),LINEL(35),12(10),INQC(6)
£,IDIV(L) , ICMMD(24) ,TH(1), IX4 (1), 1YL (1), IDX(L) ,IDY (1)
2,1CE8(1),IPTCM(1) ,RH(1)

EQUIVALENCE (LINE(2),LINEf)

COMMON ICOMM,MANRE ,MDVA,KETA, IBLS,IT(S),1ID(3), 1P ,NUMPT
1,NM, ICON,NCOM, XXX (3,10),IX(3,140),IC(10),NMP,XR(3),A(2,3)
2,003),TB(10) ,NCNC10),8F(2) ,XXA(2,3) ,YYA(2,3)
3,FSHFT,DF ,MCF,IZR,IL,IPARY,IPAR2,IPAR3Z, IPAR4, IPARS,IPARG
4,IFLAG,NS,NE,RMM(10) ,FRA(10) ,ZETA(L0)

EXTERNAL HDRS,DTADO , NMAX

DATA YMAX/0./

DATA ICMMD/2HD ,2HV ,2HX ,2HEX,2H: ,
12HM ,2H_ ,2HRO,2HA-,2HAM,
22HCH, 2HSP , 2HX( ,
32HX) ,2HCV,2H( ,2HE ,2HL ,

A2HW ,2HI ,2HK ,2HA+,2H/L,

SAHX /
CRAAAKAKIRAAOKKHIRK ORI AR RAAOK KA KKK A AR AR KKK KKK KKK KKK
c UNIVERSITY OF CINCINNATI/LEUVEN MODAL ANALYSIS PROGRAM
c
C PARAMETER ESTIMATION SET-UP PROGRAM
CRAMKRAKIAA IR KA AR AR AR RKOK KRR KKK KK KK

IBELL=7E

IPAGE=15414F

ICOMM=12345

IFLG2=7777

IES=1024

CALL SETAD(HDRB,IH,-8,0)

CALL SETAD(HDRB,RH(1),67,0)

CALL KYBD(2HBS,IBS,0)

CALL GETT(NMAX,IBLM)

ION=IBLM-1

ICM=ION~1

IBM=2

CALL RWCOM(O)

c
C IF PROGRAM REQUIRES INITIALIZATION, LOAD Y 94
c

IF(ICOMM.EQ.12345)G0 70 900
CALL KYBD(2HMS,38,-3,4)
CALL OULD(9)

900 CONTINUE
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0059 IFLGA=0
060 IFC(IFLAG.EQ.1)GO T 1130
00614 IF(IFLAG.EQ.96)G0 TO {900
. 0062 IF(IFLAG.EQ.97)GO TG 1000
0063 IF (ICOMM.NE.12345)G0 TO 1000
0064  CARAAAORAOKR NN N K AR KKK KKK KKK KK KK KK K KK KK K K 0K 3K K K 3K K 33K KOK 30KOK KK K KKK ok K K
006 C START OF MONITOR

D066 CARAAMMRMNMOKN RN AR A KR AR K KKK K K K 30K 0 3K 8 KKK KK 0K 30K 0K K KK K KK K K o KK
0067 1000 WRITE(Y,1010)IBELL

0068 1040 FORMAT("X",A2)

0069 I=ISWR(1776778,0,0)
0070 IPARL=-9999
0071 IPAR2=-9999
0072 IPAR3=~9999
0073 IPAR4=-9999
0074 IPARSG=-9999
0075 IPAR6=-9999

0076 1020 DO 1030 I=1,36

0077 1030 LINE(I)=2H, .

0078 1040 CALL TTYYI=.._ INE:®
0079 1042 CALL TEST(3,1S8T,L0G)

0080 IFCIST.LT. 4 G TO 1042
00814 CALL Cutt
onge READC(LINE,112900IL
0083 IF(ICOMM.FQ.1234%)G0 TO 114S
F 0084 1145 CONTTNUE
po8s 1120 FORMAT(AD)
0086 CALL CODE
0087 READ(LINES ,X%)IPARL,IPAR2,IPAR3,IPARA,IPARS,IPARS
0088  CRORKAIRK ORI NN KKK KK A KUK K HOK K K KKK K K K KK KK R K K KK KK 3K K K oK KK K
008 € MONITOR COMMAND TARLE

BP0 CXAARANNN AR AR AR HOK KKK A R OK AR HOK K R A KKK KK 3K KKK AR R KK R KRR KK KKK
009¢ 1130 IFLAG=D

0092 CALL RWCOM(1)

0093 IF(IL.EQ.2H##)GO TO 1000
0094 NCHMMD=24

0095 DO 1138 I=41,NCMMD

0096 IFCIL.EQ.ICMMD(I))GO TO 1144

0097 1138 CONTINUE
. o078 1139 WRITE(1,1140)
‘ 6099 1140 FORMAT(/,"ERROR-ILLEGAL COMMAND")

0100 GO TO 1000

0101 1144 IF(I.GT.40)G0 TO 1146
‘ 0102 GO TO (9004,9004,9004,9004,9004,9004,9004,9004,9004,9004),1
, 6103 1146 I=1-10

0104 IFCI.GT.10)G0O TO 1148

1405 GO TO (9004,7004,6000,6500,9004,9995,4100,4400,9002,90041),1

0106 1148 I=1-10

0407 GO TO (9001,1400,9008,9014),1

0108 1100 CONTINUE

04109 IF(IPARL .EQ.37)G0 TO 900S

0140 IF(IPARL .EQ.10)G0 TO 9006

0114 IFC(IPARL . EQ.6)GO TO 90607

0142 GO TO 14139

0443 ComoouR RN KK KKK K 0K K KR 00000000 3R KKK 3K KK K

0114 C MODAL SET-UP STARTING VALUES

0445 CRMAMAMMMTMNMKN A A AN UK I IR KK IR AR K KRR KRR RN AOK
0116 1400 CONTINUE

0117 WRITE(1,1450)IPAGE, IBELL
0118 READ(1,%)IANS
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0149
0420
6124
o422
0123
0124
0125
8126
@127
0128
gi2y
0130
0131
043e
0433
0134
6135
0136
0437
0438
04139
0140
6141
gi42
0143
0144
044%
0146
0147
0148
0149
9150
0154
6152
0153
0154
015S
0156
0157
0158
0159
0160
0161
0462
0163
0164
0165
pi6é
0467
0168
0169
01790
0474
0172
6173
0174
047%
0176
0177
0i78

aooOon

coO0

OoO0n

1450 FORMAT(AR,/,"ENTER OPTION TO BE USED",
1" FOR FREGUENCIES AND DAMPING®,

2 /,” 1) MANUAL",
3/, 2) CURSOR",

4/," 3) LEAST SQUARES ESTIMATE",

5 /," 4) CURRENTLY SELECTED VALUES®,
6 /," 5) RETURN TG MONITORY,A2,/)

IFCCIANS,LT.1).0R, (TANS.GT.5)3G0 TD 1400
IFCIANS . EQ.5)G0 TG 14400
IF(IANS .EQ.4)GD TD 4900
MCF=0
DO 1460 1I=1,190
FRQ(I>=D.D
ZETA(I)=0.0
NCN(I)=D
IRC(I)=0

1460 CONTINUE
IFLGA=1

IFLGA=0 CURSER HWAS ALREADY BEEN INITIALIZED
1FLGA=Y THIS I8 THE FIRST TIME INTO CURSER

£500 WRITE(L,1600)IKELL
1600 FORMAT(A2,/,"INPUT DISC DATA RECORD OF TYPICAL TEST DATA:™)
READ(L,%) 1
IFCCTLLT.0).0R.CI.GT.810))6G0 TO 1500
CALL KYBD(2HMS,3¢,1)
CALL KYBED(2HMS,11,0)
IIBS=1IH(S)

MAKING SURE aLL OF THE BLOCK WAS LOADED

IF(CIIBS.LE.2048) ,AND. (IIRS,GE,128))6G0 TO 1650
WRITE(1,1651)
1651 FORMAT(/,"ERROR~ILLEGAL BLOCK SIZE™)
1650 CONTINUE
CaLL KYRD(2HBS,IIBS,0)
CALL KYBD(2HMS,31,1)
CALL KYBD(2HMS,11,0)
1ZR=IH(36)
IFCIH(A) . NE.99)GD TO 1680
WRITE(L,1670)1ZR
1670 FORMAT(/,"Z0OM RANGE OF THE DATA IS",2X,A2)
1680 CONTINUE
FSHFT=RH (1)
DF=RH(2)
IFCIANS.LT.3)G0 TO 1700

LEAST SQUARES STARTING VALUE SET-UP

WRITE(1,1665)IBELL
1665 FORMAT(/,"ENTER OPTION FOR CHOICE OF STARTING CHANNEL:",AR
1/,5%,%1) MANUALY,
2/,%5X,"2) CURSOR",/)
READ (1, %) MMMM
IF (MMMM.EQ.2)G0 TO 1648
WRITE(1,1669)IBELL
1669 FORMAT(/,"ENTER CHANNEL NUMBER:",A2,/)
READ(1,%)NS
GO TO 1772
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0179
0180
0181
0182
0183
1184
018%
6186
0187
0188
0189
1190
0194
0492
04193
0194
0195
0196
0197
0198
0199
0200
02014
0202
0203
0204
020%
0206
0207
0208
6209
0210
024114
0212
0213
0244
0215
0216
0217
0248
0219
0220
0221
0222
0223
0224
022s
0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238

1668 CONTINUE
WRITE(L,1660) IRELL
1660 FORMAT(/,"SET CURSOR ON STARTING CHANNEL:",A2,/)
ITEMP=0
CALL CURSE(0,ITEMP)
IFCITEMP LEQ. ~9999)NS=0
NG=TABS (ITEMP)
1772 CONTINUE
IF (NS.EQ.0)NS=1
F=FLOAT (NS) XDF +FSHF T
1688 WRITE(L,1691) IBELL
1691 FORMAT(/,“ENTER NUMEER OF POINTS TO BE USED IN THE",
1," PARAMETER ESTIMATION:",/,5X,"(64,128,256)",A2,/)
READ (1, %)NE
IFC(NE.EQ.64) .0R. (NE.EQ.128) .0R. (NE.EQ.256))G0 TO 1696
GO TO 1688
1696 CONTINUE
M3=400
IF (NE.EQ.564)M3=700
IF(M3.EQ.256)M3=300
NE=NS+NE
DO 1695 MMMM=1,M3
169% CALL KDIS(D,NS,NE,4)
WRITE(1,1692)F ,NS,NE, IBELL
1692 FORMAT(/"STARTING FREQUENCY",E14.5,
1/, "CHANNEL ",I5," TO ",IS,
2//,"ENTER 0 TO ACCEPT:",A2,/)
READ (1, %) MMMM
IF (MMMM.NE.0)GO TO 1400
CALL KYED(2HES,IES,0)
GO TO 9609

MANUAL AND CURSOR STARTING VALUE SET-UP

aoco

£700 CONTINUE
WRITE(Y,1730) IRELL
1730 FORMAT(/,"ENTER MODE NUMEER AND BANDWIDTH:“,A2)
1740 READ(1,%)M,IEW
IF(M.LT.0)GO TO 1500
IF(M.EQ.0) GO TO 1800
IF(M.GT.NM) WRITE(1,1760)
IF(M.GT.NM) GO TO 1700
IFC(IANS .EQ.2)G0 TO 1743
WRITE(4,1742) IBELL
1742 FORMAT(/,"ENTER CHANNEL NUMEER:",A2)
READ(1,%)ITEMP
GO TO 1746
1743 CONTINUE
IF(IFLG4.EQ.4)ITEMP=0
IF(IFLG4.EQ. 1) IFLG4=0
CALL CURSE(0,ITEMP)
IFCITEMP EQ.~9999)NCN(M) =0
IFC(ITEMP .EQ.-9999)C0 TO 1000
1746 NCN(M)=TABS(ITEMP)
ITEMP=IABS(ITEMP)
FRA(M)=FLOAT (NCN(M) ) XDF +FSHF T
WRITE(1,1750)NCN(M) ,FRA(M)
1750 FORMAT(I4,2X,F12.4)
1760 FORMAT(/,"ERROR-VALUE GREATER THAN NUMBER OF MODES™")
IB(M)=1BW
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0239 GO TO 1700
0240 1800 CONTINUE
0241 CALL KYED(2HRS,IBS,08)
0242 CALL RWCOM(4)
0243 CRRNKAKIAKRAKKKAKIRKKA KKK AR KRK IR KKK KRR IR KRR KRR KRR KKK KKK
0244 C MODAL COEFFICIENT ACQUISITION PARAMETER ESTIMATION
0245 CRKIAIKARAKAKRIORAK IR KA AN AR KA IAK AR KA KKK AR KKK RO KKK IO K AR AOKK KKK
0246 1900 CONTINUE
0247 WRITE(L,1905) IPAGE, IBELL
0248 1905 FORMAT(AZ2,/,"ENTER OPTION TO BE USED TO“,
0249 1" DETERMINE MODAL COEFFICIENTS:"
0250 1,/," 1) MAGNITUDE"
0254 2,/," 2) IMAGINARY PART"
0252 3,7, 3) REAL PART"
0253 a,/," 4) KENNEDY-PANCU CIRCLE FIT®
0254 5,/," %) LEAST-SRUARES FREGUENCY DOMAIN®
0255 6,/," 6) RETURN TO MONITOR®,AZ2,/)
0256 READ (1 ,%) IANS
0257 IFCCIANS.LT.1) .OR. (IANS.GT,.6))G0 TO 1900
0258 IF (IANS .EQ.6)G0 TO 1000
0259 WRITE(L,1906) IRELL
0260 1906 FORMAT(/,"ENTER 0 TO CLEAR CURRENT MODAL COEFFICIENTS",A2)
0264 READ($,%)1
0262 LF(I.NE.0)GO TO 1909
0263 CALL KYBD(2HCL,0)
0264 CALL GETRQ(0,INQ)
026% INQ(2)=176500K
0266 INQ(3)=77777R
0267 DO 1907 I=IEM,ION-2
0268 CALL KYBD(2HCL,I)
0269 1907 CALL PUTQCI,INQ)
0270 DO 1968 I=1,10
0271 1908 RMM(I)=0.0
0272 CALL RWCOM(1)
0273 1909 CONTINUE
0274 MCF=IANS
0275 IF(IANS .EQ.S)G0 TO 9010
0276 ICUR=-9999
0277 WRITE(1,1940) IBELL
0278 1910 FORMAT(" SWITCH 15 ABORT POINT PRINT",
0279 1/," SWITCH 14 ABORT PARAMETER ESTIMATION",
0280 2/," SWITCH 13 ABORT AUTOMATIC CALIBRATION®,
| 0281 3/," SWITCH 42 SKIP DIRECTIONAL COSINE CHECK",
x 0282 4/," SWITCH 41 ABORT NIXIE TUBE DISPLAY",
] 0283 S/," SWITCH 10 SUPPRESS SCALING QUESTION",
’ 0284 S/," SWITCH 0 AUTOMATIC CIRCLE FITY,
0285 6//," ENTER RANGE OF DISC RECORDS FOR CURRENT TEST:",A2)
¢ 0286 READ(1,%)IRECH, IREC2
0287 IF(CIRECL.LT.0).0R. (IRECY.GT.819))IRECi=0
3288 IF((IREC2,.LT.0),0R, (IREC2.GT.819))IREC2=819
289 C
0290 C SWITCH 15 SUPPRESS PRINTOUT TO TERMINAL
0294 C SWITCH 14 ABORT MODAL COEFFICIENT ACQUISITION
0292 C SWITCH 13 SKIP DATA CALIERATION
0293 C SWITCH 12 SKIP DIRECTIONAL COSINE CHECK
0294 C SWITCH 14 SKIP NIXIE TUBE DISPLAY
0295 C SWITCH 0 AUTOMATIC CIRCLE FIT ACQUISITION
0296 C
0297 CALL KYBD(2HMS,3%,IRECY)
0298 11ES=1024
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0299 2000 CONTINUE
0300 IFCIRECE.GT.IREC2)GD TO 1000
0304 IF(ISSW(14).LT. 0060 TO 4000
0302 IFCISSW(41) .LT.0)G0 TG 2001
0303 CALL NIXIT(IREC1)
0304 2004 IRECL=IRECi+i
0305 CALL KYBD(2HMS,411,0)
0306 C
0307 € GET DATA FROM HEADERS
0308 €
0309 LIBS=IH(S)
0340 CALL CHKID(IT,ICIC)
0314 IF(ICIC.EQ.0)G0 TO 2000
0342 CALL KYBD(2HES,IIRS,0)
0313 IF (IH(36) .NE.IZR)GO TO 2000
0344 2004 IDi=TH(L)
034% 16=TH(4%)
0346 IF(IS.GT.IPYGO TO 2000
0317 C
0318 C CORRECT DATA WITH STORED CALIERATION CONSTANT
0319 € OR CALIERATION CURVE
0326 C
0324 IF(ISSW(13))2036,2010
0322 2040 CONTINUE
0323 IF(RH(3) .GT.0.0)60 TO 20390
0324 IRCAL=TIFIX(ARS(RH(3I)))
i 0325 WRITE(1,2012)IRCAL
0326 2012 FORMAT(/,"CALIBRATION RECORD IS ",14)
0327 IF (ICUR.EQ.IRCAL)GD TD 2020
0328 CALL ENDFP(L,IPTR)
0329 CALL KYBD(2HMS,31, IRCAL)
0330 CALL KYED(2HMS,14,4)
0334 CALL KYBD(2HMS,31,IPTR)
0332 1CUR=IRCAL
0333 2020 CONTINUE
0334 CALL KYED(2H: ,1)
033% C
0336 C SWITCH 15 ON SUPRESS OUTPUT TO TERMINAL DURING AUTD SEARCH
0337 C
i 0338 2030 IF(ISSW(15))2060,2040
. 0339 2040 CALL IDSW(NU,0)
\ 0340 WRITE(NU,2050)ID1,IS
. 0341 2050 FORMAT(A2,IS)
0342 2060 DO 2220 I=1,NM
0343 IBW=TB(I)
0344 NC=NCN(1)
0345 CALL GET(0,NC,X,Y)
0346 C
0347 C MAGNITUDE
0348 C
0349 R=ABS(SART (XKX+YXKY))
0350 ANG=ATAN2 (Y, X)
0354 IFC(IANS.EQ.19G0 TO 2140
0352 C
0353 C REAL PART
0354 C
0355 R=X
0356 ANG=1.5707963
ogsv IF(IANS.EQ.3)G0 TO 2140
o3se C A-230
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0359
0360
0361
0362
0363
0364
036%
0366
0367
0368
1369
0370
0371
0372
0373
0374
0375
0376
0377
0379
0379
0380
0381
03482
0383
0384
038%
0386
0387
0388
1389
0390
03914
0392
0393
0394
0395
1396
0397
0398
0399
0400
0401
0402
04063
0404
0405
0406
64067
0408
0409
04410
0441t
0412
0413
0414
041%
0416
0417
0aiB

oo o

e Sw Nyl

C

C

QGO

2070

2080

2094

2091

2100

2110

2142
2114

IMAGINARY PART

R=Y

ANG=1.5707963
IF(IANS.EQ.2)60 TO 24140
IF(IRW,.EQ.0)GO TO 2440

CIRCLE FIT AND INTERACTIVE EDITING

CALL CIR(NC,IEW,Xi,Y1,R)
R=ABS(R)

X=X-X1

Y=Y-Y4

ANG=ATAN2 (Y, X)

SWITCH 0 ON NO DISPLAY AUTOMATIC CIRCLE FIT

IFCISSW(0))2140,2080
CALL KYRD(2HX)>,41)
1Z1=33

122=NC~- 1 EW
1Z3=NC+THU
124=1Z22~15
175=1Z3+15

Zi=0.0

DO 2090 J=1,I24
24=Z4+.2
Z2=RXSINCZ1)+X1
Z3=RXCOS(ZL)+Y1
CALL PUT(L,¥,Z2,Z3)
WRITE(L,2094) IRELL

CIRCLE FIT MONITGR "D”

FORMAT("%XD" ,A2)
CaLL TTYINCLINE)

CALL TEST(4L,IST,L0G)
CIRCLE FIT DISPLAY

CALL KDIS(0,I122,123,4)
CaLL KDIS(41,1,121,4)
CALL KD15¢0,IZ4,125,4)
CALL KDIS(0,1Z2,123,4)
IFCISTY2100,2140,2440
catL CODE
READCLINE,$1120)IL
IF(IL.EQ.2HCL)GO TO 2430
IF(IL.EQ.2H_ )EO TU 2425
IF(IL.EQ.2HA-)GO TO 2142
IF(IL.EQ.2H/R)GO TO 2414
CALL CODE
READ(LINE,%)IPAR1,IPAR2,IPAR3,IPARA
IBW=IPAR{
IF(IPAR1)2135,2420,2070 i
NC=NCN(I)
GO TO 2070 J
NCN(I)=NC
IB(I)=1EW {
G0 TO 2070
A-231 !




0419
0420
0423
0422
0423
0424
042y
0426
0427
0428
0429
0430
0431
0432
0433
0434
0435
0436
0437
0438
0439
04490
0441
0442
0443
0444
0445
0446
0447
0448
0449
0450
0451
0452
0453
0454
0455
0454
0457
0458
0459
0460
0461
0462
0463
0464
0465
0466
0467
0468
0469
0470
0471
0472
0473
0474
0475
0476
0477
0478

2430
213%
2140

aco

2143

oo

oo

2144

2145
2149
2450
2160
2470

2180
2490

2200
2210
221%

aooooa

R=Y
GO TO 2140
CALL CODE

READ(LINEL ,X)IPAR2
NC=NC+IPARZ

GO TO 2070

R=0

R=RX2.0

CaLL KYED(2HBS,IES,0)

MODAL COEFFICIENT IS PROPORTIONAL TO DIAMETER

RMAX=RMM (1)
IF(RH(3) . GT.0,.0)R=RXRH(3I)
IF(ANG.GE.D)GQ TO 2143
R=(~1.0)%R
ANG=ANG+3 , 14159265
Li=IFIX(ANGXS7,29%5774)

CORRECT FOR TRANSDUCER ORIENTATION

IF(CIDA EQ.2HX~) ,OR. (ID4 , EQ.2H~1)) GO TO 2160
IF((IDL EQ.2HX ). OR.(ID1.EQ.2HL ))GO TO 2470
IFCCIDL EQ.2HY~) . OR. (ID1 . EQ.2H~2))GO TO 24180
IFCCIDA.EQ.2HY ). 0R. (ID1,EQ.2H2 3)G0 TO 2190
IF(CIDL EQ . 2HZ-) .OR. (ID1 .EQ.2H~3))G0 TO 2200
IF((ID1 .EQ.2HZ ) .0R.(ID4.EQ.2H3 >)GO TO 2210

DIRECTIONAL COSINE CHECK

IF(ISSW12))2144,214Y9
CONTINUE
IFCIDL  NE.2HD HYGO TO 2149
PI=3.,144%59265%
DO 2145 IM=4,3
IM3I=IM+3
Ri=RXCOS(RH(IM3I)XP1/480.0)
CALL RWCMC(IM,R4,L4,I,1IS,IP,IEM,RMAM, )
CONTINUE
GO TO 224s
CONTINUE
WRITE(SL,2150)
FORMAT(/, "ERROR~-WRONG COORDINATE CODE")
CaLL KYRD(2HMS, 1)
GO TO 2000
=~-R
CALL RWCMC(4,R,L%,I,IS,IP,IBM,RMAX,0)
GO TO 2215
R=~R
CALL RWCMC(2,R,L1,I,IS,IP,IEM,RMAX,0)
50 TO 221%
R=-R
CALL RWCMC(3,R,L1,I,IS,IP,IBM,RMAX,0)
CONTINUE

RMM ARRAY HAS THE SCALE FACTOR FOR
EACH MODE-~--VALUES ARE STORED AS

NUMBERS FROM 1 TO 2000

RMM(I)=RMAX
R-232
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0479 2220 CONTINUE

04890 GO TO 2000
0481 C
0482 C STORE AND READ SET-UP AND MODAL DATA TO AND FROM DISC
0483 C
0484 C READ
0485 C
0486 6000 CaALL KYED(2HMS,3%,1)
0487 CALL KYBD(2HMS,2%)
0488 IFCIPARL .EQ. -9999)G0 TO 90114
0489 IFCCIPARY.GE.0) . AND. (IPARL.LE.800)) CALL KYED(2HMS,31i,IPARL)
0490 IFCCIPARL.LT.0).OR. (IPARL.GT.B800))C0 TO 6800
0491 CALL KYRD(2HMS,141,0)
0492 CaLL KYED(2HMS,34,-1,1)
04973 CALL RWCOM(~-1)
0494 IF CICOMM.NE.1234%)G0 TO 6800
0495 CALL KYEBD(2HMS,14,I0N)
0496 CALL RWCOM(U)
0497 IF (ICOMM.NE. 12345)60 TO 6800
0498 NMP =0
0499 IRT=ICM
0500 CALL KYBD(2HMS,11,IRJ)
0501 IRJ=IRJ~-1
0502 6100 DO 6200 I=IEM,IRJ
0503 6200 CALL KYED(2HMS,11,I)
0504 CALL KYED(2HMS,35,1)
0505 CALL KYBD(2HMS,15)
0506 WRITE(L,1235)(IT(I),I=1,5)
0507 1235 FORMAT(/,"TEST ID IS*,23X,5A2)
0508 GO TO 1000
0509 C
0510 € STORE
0514 C
0512 6500 CALL KYBD(2HMS,35,1)
0513 CALL KYED(2HMS,25)
0514 IF (IPARL.EQ.-9999)G0 TO 901t
1515 IF(CIPARY.GE,0) ,AND. (IPARL . LE.B00))CALL KYRD(2HMS,31,IPARL)
0516 IFCCIPARL.LT.0).0R. (IPARL.GT.B00))GO TO 6800
: 0517 IL=2HSS
X 0518 CALL RWCOM(1)
0519 IH(6)=52525)
0520 IH(9)=10
0521 IH(L0)=IT(1)
0522 TH(L1)=IT(2)
. 0523 TH(12)=1T(3)
0524 TH(L3)=IT(4)
0525 IH($4)=1T(S)
0526 IH(34)=2H74
0527 CALL KYED(2HMS,21,I0N)
0528 CALL KYBD(2HMS,21,1ICM)
0529 IH(34)=2H72
0530 IRIJ=ICM~1
0531 IPARL=IPARL+2
0532 DO 6700 I=1IBM,IRJ
0533 IPAR1=IPARE +1
0534 4700 CALL KYBD(2HMS,21,I)
0535 WRITE(4,6701)IPARY
0536 6701 FORMAT(/,"NEXT DATA RECORD IS ",I4)
0537 CALL KYBD(2HMS,35,1)
0538 CALL KYED(2HMS,15)
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0539
0540
05414
0542
0543
0544
0545
0546
05947
1548
0549
8550
0551
0552
0553
0554
055S
8556
05%7
0558
05%9
8560
6561
0562
0563
0564
056%
0S66
0547
0568
0569
0570
0574
0572
0573
6574
057%
0576
0577
0578
84579
05840
0581
0582
0583
0584
0585
nS86
0587
gses
0589
0590
0591

68040
&8014

C

GO TD 1000

WRITE(L,6804)

FORMAT(/, "ERROR-INVALID DATA RECORD")
NMP =0

1COMM=1234%

GO TD 1000

5 20ACA0R AR OK KR KKK KK A A0 00 KK 000 00K K 00K K300 3040 K SRR 0K K0K 00K K K K K

EXIT TO OTHER OVERLAYS

00 KKK KRR A 3K K K KKK MG KK K o K o o K Ko 3 K K o o o 0 kKK K A 0K 38 0K K 0K KK K

Y004

002

003

2004

2005

9006

9007

9008

2889

90410

9041

P00

995

1=1
IFLAG=1

GO TO 9900
L=

IFLAG=1

GO TO 9900
1=3

IFLAG=1

GO TO 9900
1=4

LFLAG=1

GO TO 9900
1=5

IFLAG=1

GO TO 9900
I=6

IFLAG=1

GO 1O 9960
1=7

IFLAG=4

GO TD 9900
I=8

1FLAG=1

GO TH 9900
1=9

IFLAG=92

GO TO 9900
1=10

IFLAG=92

GO TO 9908
1=11

IFLGA=A

GO TO 99040
CONTINUE

CALL RWCOM(1)
CALL KYED(2HMS,38,1)
CALL OVLD(9)
CONTINUE
IL=2He4
IFCICOMM,EQ. 12345)CALL RWCOM(1)
CALL KYBD(2HES,IES,D)
RETURN

END

END$
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$Y904 T=00004 IS ON CRO0103 USING 00093 RLKS R=0793

0001
pooz
0003
0oc4
0oos
0006
007
ooog
0009
6oto
00414
0042
0043
0014
gois
00ie6
0047
0oi8
0019
0020
0021
op2z
0623
0024
002%
go026
00az
6028
0029
0030
00314
6032
0033
0034
0035
0036
0037
0038
0039
00490
0041
0042
0043
0044
004S
0046
0047
0048
0049
0050
00514
go0s2
0053
0054
005s
00S6
00S7
00s8

FTN4
SURROUTINE Y0009 CINTOT,IPAR)

THIS PROGRAM IS STORED UNDER $Y904
20K K 5 K K R OK K KK R 0 30 2 0 9 3 o K K K K 3K 3KOK 3K K KK K 3 280K 2000 8OK 50K 0K KKK 0K KK KOK KKK KKK K
PROGRAMMER: R.J.ALLEMANG
MAIL LOCATION % 72
UNIVERSITY OF CINCINNATI
CINCINNATI, OHID 4%221%
213-475-6670

REVISION DATE: NOV 20,1979

cOoooOcOOoOGOoOOoOnnn

RAOK KKK KKK ORI IR IOKK KKK KK KK KKK H KK KKK AOK KO KK KK KKK KK K XK
DIMENSION IPARC(6) ,LINE(36),LINEL(35),1Z(10),INQ(6)
£,IDIV(1), ICMMD(26) , TH(L) , IXE (1), IYL (L), IDX (L), IDY (L)
2,1C4¢4),IPTEM(L) ,LO(3) ,LABEL (20)
EQUIVALENCE (LINE(2),LINEL)
COMMON TCOMM, MANRE , MDVA,BETA, IBLS, IT(%),ID(3),IP ,NUMPT
§£,NM, ICON,NCOM, XXX(3,10),IX(3,40),IC(40) ,NMP ,XR(3),A(2,3)
2,0¢3),IRC10),NCNC10) ,SF(2) ,XXA2,3),YYA(2,3)
3,FSHFT,DF ,MCF, IZR,IL.,IPARY,IPAR2,IPAR3, IFARA, IPARS, IPARG
4,IFLAG,NS,NE,RMM(10) ,FRQ(10),ZETA(L10)
EXTERNAL HDRS,DTADO , NMAX
DATA ID2/00/,INZ1/0/,5CALE/32760./
DATA ICMMD/2HD ,2HV ,2HZ ,2HEX,2H: ,
12HM ,2H_ ,2HRO,2HA-, 2HAM,
33HCH, 2HSP , 2HX(,
32HX) ,2HCV,2HS ,2HB ,2HL ,
42HW ,2HI ,2HK ,2HA+,2H/L,
S2H? ,2H/,,2HX /
CHRARIORAACOR IR AR AR KA ICACIORK K IO KKK KKK AKOK K KKK KK

c UNIVERSITY OF CINCINNATI/LEUVEN MODAL ANALYSIS PROGRAM
C
C DISPLAY PROGRAM
CHORAIKAIRAOA K IOOR IR IK KRR KRR RO KKK KKK KKK K KKK KK KKK IR KK KKK KKK
IRELL=7H
IPAGE=154148
CALL SETAD(HDRS,IH,-8,0)
1COMM=0
1BS=1024

CALL KYED(2HES,IBS,0)

CALL GETI(NMAX,IELM)
ION=IBLM~-1

ICM=TON-1

IBM=2

I=TONXIBS+270

CaLL SETAD(DTADO,IPTCM,I,-1)
INTPT=0

CALL RWCOMCD)

IF PROGRAM REQUIRES INITIALIZATION, LOUAD Y 94

aoon

IF(ICOMM.EQ.12345)G0 TO 900
CALL KYBD(2HMS,38,-4,1)

CALL OVULD(?)
A-235




0059 900 CONTINUE

0060 CALL SETAD(DYADO,IX1,0,-1)
0064 CALL SETAD(DTADO,IYL,256,-1)
0062 CALL SETAD(DTADO,IDX,512,-1)
0063 CALL SETAD(DTADO,IDY,768,-1)
0064 CALL SETAD(DTADO,ICY,1024,~1)
006% CALL SETAD(DTADO,IDIV,1536,~-1)
0066 IDZ=0
0067 IDIV(22) =0
0068 IDIV(23)=0
0069 IDIV(24)=0
0070 1DIV(25)=0
0071 SFi=.1
0072 IANSPD=4 |
0073 NMP =0 !
0074 NMP £=0 |
007% NPD=2 !
0076 IKZ=1 |
0077 IFLG3=0 ;
0078 IF(IFLAG.EQ.4)G0 TO 1130
D079 CHARAIARAMKKAKA KK AR AN KA KK KA HOK KKK AKX R KRR KK KKOKKKKKK |
0080 C DISPLAY PROGRAM INFO
0o8i C ‘
82 C LIST OF VARIABLES: ;
0083 C !
0084 € NMP 1= LAST MODE WHICH DISPLAY WAS CALCULATED FOR |
0085 C
0086 C NMP = CURRENT REQUESTED DISPLAY MODE
0087 C
0088 C NGi= THE NUMBER OF FRAMES DISPLAYED OF EACH 4
0089 C DEFORMATION
0090 C
0091 C INZ1=0 ANIMATED DEFORMATIONS WITH UNDEFORMED
0092 € INZi=1 STILL DEFURMATION WITH UNDEFORMED
0093 € INZi=2 ANIMATED DEFORMATIONS ONLY
6094 C INZ1=3 STILL DEFORMATION ONLY
0095 C
0096 C IDZ=0 UNDEFORMED SHAPE ONLY
0097 C IDZ=4 DISPLAY ACCORDING TO INZi PARAMETER
0098 C
0099 ¢ IFLG3=0 & DISPLAY HAS NOT BEEN PREVIOUSLY CALCULATED
0100 C IFLG3=1 A& DISPLAY HAS EEEN PREVIOUSLY CALCULATED i
0101 C
0402 € IFLGA=0 A FULL DISPLAY HAS BEEN REQUESTED !
0103 € IFLGA=1 A PARTIAL DISPLAY HAS BEEN REQUESTED :
0104 C ‘
0105 C IKZ=0 THE REQUESTED MODE IS THE SAME AS PREVIOUS
0106 C IKZ=1 THE REQUESTED MODE IS DIFFERENT
0107 C
6108 C IXt X COORDINATES OF THE DISPLAY (UNDEFORMED) 1
0109 C 1Y4 Y COORDINATES OF THE DISPLAY (UNDEFORMED) ;
0110 C 1DX X COORDINATES OF THE DISPLAY (DEFORMED) '
0111 C 1DY X COORDINATES OF THE DISPLAY (DEFORMED)
0112 C Ic1 CONNECTIVITY FILE FOR CURRENT DISPLAY
0113 C IPTCM POINT LOCATION BY COMPONENT NUMBER FILE
0114 C
0115 € IFLGS=0 AUTOMATIC EXPANSION
0i16 C IFLGS=1 INHIBIT AUTOMATIC EXPANSION
0417 C
0148 € IFLG6=0 AUTOMATIC DISPLAY CENTERING
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0119
0120
01214
0122
0423
0524
0125
0126
0127
0128
0129
0430
0131
0132
6133
0134
0135
0136
0137
84138
0139
0140
0141
0442
0143
0144
0145
0146
0147
0148
0149
0150
0154
0152
0153
0154
0155
0156
04157
0158
0159
0160
0164
0162
0463
0164
0165
0166
0167
0168
0169
0470
01714
0472
0173
0174
6175
0176
0177
0178

oococoocoaoonn

IFLGe=1 INHIBIT AUTOMATIC DISPLAY CENTERING
INTPT POINT NUMBER OF POINT TO BE INTENSIFIED
IFLG8=0 NGO DISPLAY OVERFLOW

IFLG8=1 OVERFLOW OF DISPLAY CALCULATION

K KKK K 0K 3 K 00K 00 K K 2 0K K00 K0 I 0 200K 0K KK KO8R K 3K OK KK K 30 K0 K K KKK K K

START OF MONITOR

00K KKK K K KKK KK KK 30K 3K K K KK K KKK KK KK AOKIOK KKK 0K KKK K OK KKK KK KK K KKK KKK K K K

1000
i01¢

1020
1030
1040
1042

1043

1044

1045

1050
1060

o000

1065
107¢0

QoG

1080
1090

1100

1110

aoonn

i114%

WRITE(1,1040)IBELL

FORMAT("x",A2)

I=ISWR(1776778B,0,0)

IF((NPD ,GT.S40).0R. (NPD,LT.2)) NPD=2
NS1=TANSPDX300/NPD :
IF(NS1.LE.0)NGi=4
IF(NS1 .GT,.100)NG1=400
L=0

IPARL=-9999
IPARZ2=-9999

IPAR3=-9999
IPAR4=-9999
IPARS=-9999

IPAR6=~9999
DO 1030 I=t,36

LINECI)=2H,,

CALL TTYINCLINE)

CONTINUE

IFCIFLG3.EQ. 1060 TO 1044

CALL TEST(1,IST,LOG)

IFCIST.LT.0)GO TO 1043

GO TO $4i4

CONTINUE

CALL SDISPCIX1(1),IYL1¢1),IDX(L),IDY(1),IC1C4),NPD,NMP,INTPT)
IF(L.GT.19)L=0

L=L+4

DO 1100 II=1,NSi

CALL TEST(1,IST,LO0G)

IF(CINZ1.EQ.2).0R.(INZ1.EQ.3)) GO TO 1070

DISPLAY UNDEFORMED SHAPE

CALL XDISP (32767 ,NPD)
IF(IDZ.EQ.0) GO TO 1090

DISPLAY ONE POSITION OF DEFORMED SHAPE

CALL XDISPC(IDIV(L) ,NPD)

IF(IST.GE.0)GO TO 1110

IFCCINZL EQ.4).0R.CINZL .EQ.3)) GO TO 1050
CONTINUE

GO TO 1045

CALL TDISP

PROCESS NEW COMMAND

CONTINUE

CaLL CODE A-237




0179
0180
0181
o182
0183
0184
018%
0486
0187
0188
0189
6190
0191
0192
0193
0194
619%
0196
0197
0198
0199
0200
0201
0202
0203
0204
020%
0206
0207
0208
0209
0210
02114
0212
0243
0214
0218
6216
0217
0218
0219
0220
0224
0222
0223
6224
0225
0226
0227
0228
p229
0230
0234
0232
0233
0234
0235
0236
0237
0238

READ(LINE ,4420)IL
IF(ICOMM.EQ.4234%)G0 TO 11145

PUT A CHECK FOR ANY COMMANDS THAT ARE NOT TO BE
EXECUTED UNLESS ENOUGH SET-UP IS PRESENT
DO 1142 I=1,42
IF(IL.EQ.ICMMD(I))GO TO 1139
1112 CONTINUE
IF(IL.EQ.ICMMD(17))G0O TO 1139

(s ReN %l

v
111% CONTINUE
1120 FORMAT(AZ)
CALL CODE
READ(LINEL,*)IPARL, IPAR2,IPAR3, IPARA, IPARS,IPARG h
CHRMAOKARRAA KKK KRR OR IR AOK IR KRR IR KKK KKK AORKAOK KKK KKK
C MONITOR COMMAND TABLE
CHORMKRRRORK KRR KKK OKKHORIOK KKK RO ORI R KK KKK KR KK KKK KKK
1130 IFLAG=0
CALL RWCOM(1)
IF(IL.EQ.2H#$)G0 TO 1000
NCMMD=26
DO 1138 I=1,NCMMD
IF(IL.EQ.ICMMDC(IN)IGO TO 1144
1138 CONTINUE
1139 WRITE(4,1140)
1140 FORMAT(/,"ERROR-ILLEGAL COMMAND")
GO TO 1000
1144 IF(I.GT.10)GO TO 1146
GO TO (2280,2250,2250,2500,2500,3000,3000,4500,4500,4000),1
1146 I=I-10
IFCI.GT. 40060 TO 1148
GO TO (4000,7000,6000,6500,5000,9595,1200,1200,9002,9001),1
1148 I=I-10
GO TO (9001,9003,9008,8000,7500,9011),1
1200 CONTINUE
IF(IPARL.EQ.37)G0 TO 9005
IF (IPARL.EQ.10)G0 TO 9006
IF(IPARL . EQ.6)GD TO 9007
GO TO 1139

JUMP HERE FOR DISPLAY COMMAND ERROR

oco

1900 CONTINUE
WRITE(Y,1902)IBELL

1902 FORMAT(/,"ERROR~DISPLAY REQUIRES FURTHER INPUT",A2,/)
GO TO 1000

1940 CONTINUE
WRITE(L,1942)IBELL

1912 FORMAT(/,"ERROR~NO CURRENT DISPLAY",A2,/)

GO TO 1000
000000 00000000 K KK KKK A ROK 0K OK KKK 300 HK K KKK KR K K KK 3K O 2 0 K KK KK K OKOK KO K R
c VIEW COMMAND
c
C CALCULATE THE MATRIX TO CONVERT GLOBAL X,Y,Z TO
C SCREEN X,Y OF THE %460 DISPLAY UNIT

RO ROROKAOK K KKK KKK KKK K 0K K O ORI RO OKOK K KOK KK K KKOK K K K K
2250 CONTINUE
IFCIFLG3.EQ.0)GO TO 1940
IF(IPARL .EQ.-9999)IPARL=1

IF(IPAR2 . EQ.-9999)1IPAR2=1
q R WX




0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
6253
0254
0255
8256
0as7
0258
0259
0260
0261
0262
0263
0264
026%
0266
0267

0268

D269

0270

02714

pavz2

0273

0274

027y
| 0276

0277
r 0278

0279
F 0280
02814
o282
0283
0284
0285
0286
0287
0288
0289
0290
0294
0292
0293
0294
029%
0296
0297
0298

oaooon

IF(IPARI.EQ.-9999)IPARI=1
Zi=1PARY

Z2=TPARZ

Z3=1PAR3
XL=SQRT(ZAKZL+Z2RZ2+23%Z3)
ST=Z2a/XL
CT=8QRT(ZLXZ1+Z3IXZ3) /XL
CP=0.

SP=41.

XL=Z4%Z1+23%Z3
IF(XL.LT.0.0004)GO TO 22740
XL=8QRT(XL)

SP=Z3/XL

CP=Z1/XL

THE FOLLOWING CODE ORIENTS THE Y DIRECTION
OF THE GLOBAL COORDINATES TO THE Y DIRECTION
OF THE 5460 SCOPE UNIT

AL, 1)=+GP
ACL,2)=0,0

ACL,3)=-CP

AC2,1)=-5TKCP

AC2,2)=CT

A(2,3)=~STXSP
IFC(IPARA . EQ.~9999)G0 TO 2364
GO TO 1000

(2333238330338 20838383023 sstdsteessss et st s st s et pes oottt s st e sl

c

DISPLAY COMMAND

0K KBR300 3K 0 400K 3 80 0K 0 006 0K 0K 6038 5 0K K 33K 2 K3 K 6 3K K 0K 0 30K 2 38 0K 03K 200K 00K 3 30K K

2280

aco

CONTINUE
CHECK TO SEE IF DATA SET HAS REEN ENTERED

IF(ICOMM.NE ., 1234%)G0 TO 1900
IF(NUMPT .EQ.4)CG0 TO 1900
IF(ICON.EQ.0)GO TO 1900
IF(NCOM.EQ.0)GD TO 1900
IF(IPARL1+9999) 2300,2290,2300
INZE=INZi+4

IF(INZL .GE.4) INZi=0

IF (NMP.EQ. D) INZ4i=0

GO TO 1000

0 00000 0 20 2 30 020000 K 3 3K K 3 350K K 35K 300K 00 3000 6 2 00K 3K 30 KO 20 0K 3K KK 3K 0K oK 0K 3Kk KKk KK

2300

0o

CONTINUE

IF(IABS(IPARL) .GT.NM)GD TO 1138
IFC(IPARL .LT. D) IFLG3=D
IFCIPARL LT .0)NMP1=0
IFCIPARL.LT.0)IPARI=—IPARY
NMP=IPAR{

INZ1=2

IF(NMP.EQ.0)INZ1i=0

CHECK FOR PARTIAL DISPLAY

IF(IPAR2 .EQ.-9999)IFLGA=0
IF(IPAR2.EQ.~9999)G0 TQ 2306
IF((IPAR2.LT.1).0R,(IPAR2.GT.4))G0 TO 1900
IFLGA=4
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0299 € SET UP IZ ARRAY ACCORDINGLY
0300 C

0304 1Z(1)=IPAR3

0302 1Z(2)=IPARA

0303 1Z(3)=1PARS

0304 12(4)=IPARS

030% 1Z1=IPAR2+1

0306 DO 2302 I=1Z1,10

0307 2302 IZ(I)=0

0308 IFL=0

0309 DO 2304 I=1,10

0310 2304 IFCCIZCI).LT.0).0R.(IZ(I).GT . NCOM))IFL=1
0311 IFCIFL.EQ.1)6G0 TO 1900

0312 IFL=0

0313 GO TD 23410

0314 2306 CONTINUE

0315 DO 2308 I=4,10

0316 2308 1z2(1)=1
6317 2310 CONTINUE

0318 C

0319 IKZ=1

0320 IF(NMP.EQ.0)IDZ=0

0321 IF(NMP .GT.0)IDZ=1

0322 C

0323 IF(NMPL.EQ.NMP) IKZ=0

0324 IF (NMP .EQ.0)IKZ=0

032% NMP 4 =NMP

0326 IF(IFLGA . EQ. 1) IKZ=1

0327 IFCIFLGE . EQ.0)IKZ=1

0328 C

0329 IF(IKZ .EQ.0)GO TO 1000

0330 IF(IFLG3.EQ.1)G0 TO 2364

0331 CARKOKRKACOKAOKACK N KKK KKK KK K KKK XK K KK 30K IOIOKOK KK IOR KKK KKK KK R AOK KK KR KKK K
0332 C CALCULATE THE LONGEST VECTOR IN X,Y,Z SPACE
0333 C IN ORDER TO INITIALLY SCALE THE DISPLAY

0334 CMMMMAMM N AN AR K KK KKK KK 0K 00K KK OK K K 3K 0K K KKK K K 36K KKK KR KK KK OK KKK KKK
0335 2360 CONTINUE

0336 SCALU=0 ., 0
0337 SCALD=0. 0
0338 XMAX=—1E 30
0339 YMAX=-1E30
0340 ZMAX=-1E30
0341 XMIN=1E30
0342 YMIN=4E30
0343 ZMIN=1E30
0344 RMAX=1 , 0
0345 DO 2363 I=1,NUMPT
0346 CALL RWCMC(4,XXA(2,1),L0C1),NMP,T,IP, IBM,RMAX, )
0347 CALL RUWCMC(2,XXA(2,2),L0(2),NMP,I,IP, IBM,RMAX,1)
0348 CALL RWCMC(3,XXA(2,3),L0(3),NMP,T,IP,IBM,RMAX,1)
0349 CALL RWCOR(I,XXA(1,1),XXAC1,2),XXACL,3),ICM,1)
0350 1ZS=IPTCM(I)
0354 IF(C(IZS.LT.4).0R. (IZ5.GT.NCOM))GO TO 2363
0352 C
0353 C ONLY CONSIDER POINTS WITH REQUESTED COMPONENTS
0354 C
0355 DO 2371 IIR=1,NCOM
0356 IF(IZ(1IR).EQ.IZS)GD TO 2372
0357 2371 CONTINUE
0358 GO TD 2363 2260
bl I - - "




0359
0360
0361
0362
0363
1364
0365
0366
0367
0368
0369
0370
03714
6372
6373
1374
0375
0376
0377
0378
0379
0380
0384
0382
0383
0384
038%
0386
0387
0368
0389
0390
03714
0392
0393
0394
039%
0396
0397
0398
0399
0400
0401
0402
6403
0404
0405
0406
0407
0408
0409
04410
0411
04412
04413
0414
0415
EEY)
0417
0418

2372 CONTINUE
IF(ICCIZS) .NE.O) GO 10 2364
CRK K OK KK K K K 20 00K 0 305K 0 00 5000 0 OK K K K 3K 8 K 0K 5K K 3K 3 K 3 K 38K K 0K K K KK KK K KKK K K K 0K K

c CONVERT CYLINDER COORDINATES TD RECTANGULAR

c

008K 40 0080 KK K K K K o 80K 3 2 K K K KK K K K K 3K 20K 80 A A 00 KOK 0K 3KHOK K KOK KK KK K K K KKK
C

C XXX( , )= LOCAL ORIGINSG WITH RESPECT TO GLOBRAL

v ORIGIN AS INPUTTED IN YO0O091%

C NEEDED TO CREATE ARSOLUTE GEOMETRY

c

c XXa(L, = LOCAL POINT COORDINATES

(¥ XXA(2, )= LOCAL MODAL COEFFICIENTS

C

c YYA(L, )= CLORAL POINT COORDINATES

Cc YYA(2, )= GLOBAL MODAL CDEFFICIENTS

c

C00SKOROK K 0 KK 0 K 2K 3 0K K K6 K KKK 308 KOK K K KK 3K K KK K 0K K K KKK KK KKK KKK R KKK K

Zi=XXA(2,1)
12=XXA(1,2)/57.29577951
23=C08(Z2)

24=8IN(Z2)

25=XXA(1,1)
XXACR2,1)=ZAKZZ~-XXA(2,2)%Z4
XXA(2,2)=Z1RZA+XXA(2,2)%Z3
XXA(L,1)=Z5%C08(Z2)
XXA(L,2)=Z5%5IN(Z2)

CONVERT FROM LOCAL TO GiL.ORAL COORDINATES USING
COMPDNENT ORIGINS AND DRIENTATIODNS

oo

2361 DO 2362 K=1,2
DO 2362 Ii=1,3
1Z4=TARS(IX(IT,1Z5))
Z4=IX(11,125)/1Z4
Z3=XXX(II,1Z5)
IF(K.EQ.2)Z3=0

2362 YYACK,II)=XXA(K,1Z1)%Z1+2Z3

FIND MAX AND MIN POINTS TO COMPUTE DISPLAY CENTER

oo

XMIN=AMING (XMIN,YYACL,1))
XMAX=AMAXL (XMAX, YYA(1,1))
YMIN=AMING (YMIN,YYACL,2))
YMAX=AMAX1 (YMAX,YYA(1,2))
ZMIN=AMINL (ZMIN,YYA(L,3))
IMAX=AMAX1 (ZMAX, YYA(L,3))
CROKAORAORK AR IOKK KKK KRR AR KRR RO KKK KKK KKK KK KKK K
c SF (1)=MAXIMUM UNDEFOURMED VECTOR FROM GLOBAL ORIGIN
C SF(2)=MAXIMUM DEFORMED VECTOR FROM GLOERAL ORIGIN
CRBMKIARA AR AR IRAK RN AORRO ORI R KKK KRR KR KK
C
g CALCULATIONS ARE FROM (0,0,0) NOT THE DISPLAY ORIGIN
CRERKKAARA KA AARAAA AR AR AR AR KR KKK AR AR AR IOK KKK KKK
Z3=SRRT(YYA(2, 1) KX2+YYA(2, 2) KR2+YYA(2,3)K%2)
SCALD=AMAX1 (SCALD,Z3)
Z3=SART(YYA(L, 1) XR2+YYA(L,2) KK2+YYA (L, 3)KX2)
SCALU=AMAX1 (SCALU,23)

2363 CONTINUE
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0419
0420
0424
0422
0423
0424
0425
0426
0427
0428
0429
0430
0434
0432
0433
0434
0435
0436
0437
0438
0439
0440
0441
0442
0443
0444
0445
0446
0447
0448
0449
0450
0454
0452
0453
0454
0455
0456
0457
0458
0459
0460
0461
0462
0463
0464
0465
0466
0467
0468
0469
0470
0474
0472
0473
0474
0475
0476
0477
0478

aoCo

oOOo0On

0 A0ROK K OKOKOKKOIOK K KOOI K KK K K KKK K KR 0K S 3K KK KK KO 3K K KK SKOK KK 5K K KK K KKK 0K K KOK KOK K
START OF ACTUAL DISPLAY CALCULATION
0K HORROK ORI ROROK KKK 3K 30K KK K KK K 3K KK 3K K 9K 3K 3K 2 3K K K 2K 380K 38K 0 KKK KK KK KK K 3K KKK K KK K

c
2364

236%

2366

00K 00 A0 K K R K K K K AR 3 80 80K KKK K ok 3 50 KK 3 KKK 0K K 3 KK K K KK OK KK KKK OK K K KKK KK

c

20RO KK K KKK K K 8K K KKK KKK K K KK K KK 3K 3 K0 K KK K 8 30800 K KK 0K 30K KKK KK KK

2374

2367

aoaoo

2369

COMPUTE "0" VECTOR

OCL)=(XMAX+XMIN) /72,
DC2)=(YMAX+YMIN) /2,
0C(3)=(ZMaX+ZMIN) /2.

EE—

ACTUAL 3-D DISPLAY ORIGIN

USE SCALE FACTORS TO MAKE DEFORMED AND UNDEFORMED

VECTORS AS LARGE AS POSSIELE

IF(SCALU.EQ.0.0)SCALLU=1.0
IF(SCALD.EQ.0.0)SCALD=1.0

SCALYU=8CALE/SCALU
SCALD=SCALE/SCALD

NPD=0

SF(1)=8CALU

SF (2)=85CALD

CALL KYBRD(2HCL ,0)
CaLL KYBD(2HCL, 1)
DO 2366 =1 ,NUMPT
IX1(I)=32740
IY1(I)=32760
XMAX=—-1E30
YMAX=~L1E30
XMIN=1E30
YMIN=1E30
XAVG=D.D

YAVG=0 .0

DISPLAY LOOP

RMAX=1,0
DO 2380 J=41,ICON

CALL RWCONC(J,I1Z3,I0N,1)

126=123
123=1ABS(IZ3)

IF(CIZ3.EQ.0) . OR.CIZ3.GT.NUMPT)))WRITE(NU,2374)

FORMAT(/,"ERROR-CONNECTIVITY FILE"™)
IF((IZ3.EQ.0).0R. (IZ3.GT.NUMPT))IFLG3=0

IFC(IZ3.EQ.0).0R.(IZ3.GT . NUMPT))GO TO 1000
CALL RWCOR(IZ3I,XXACL,1),XXA(L,2),XXA(1,3),ICH, 1)

I2%5=IPTCM(IZ3)

IFCCIZS LT 4).0R. (IZS.GT.NCOM))IGD TO 2380

DD 2367 II=1,NCOM

IFCIZC(ID) LEQ.IZS) GO TO 2369

CONTINUE
GO TO 2380

THE COMPONENT NUMEBER (IZ%) IS TQ BE INCLUDED IN THE

NEW DISPLAY

NPD=NPD+1
ICL(NPD)=1Z6

IFCCIXECIZ3) . NE.32760) ,AND. (IY4(IZ3).NE.32760)) GO TO 2380
CALL RWCME(4,XXA(2,1),L0(1),NMP,IZ3,IP,IBM,RMAX,1)
CALL RWCMC(2,XXA(2,2),L0¢2),NMP,123,IP,1EM,RMAX,1)
CALL RWCMC(3,XXA(2,3),L0(3),NMP,1Z3,1IP,IBM,RMAX,1)
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0479
0480
0481
0482
0483
0484
0485
0486
0487
0488
0489
0498
0494
D492
0493
0494
0495
0496
8497
0498
0499
0500
0501
0562
0503
0504
0505
0506
0507
0508
8509
0510
8544
0542
0513
0514
0515
0516
0547
0518
0519
0520
0521
0522
0523
0524
052%
0526
0527
0528
0529
0539
0534
0532
0533
0534
0535
0536
0537
0538

leReky]

oOoOoo

OooGoaoon

o0nn

2370

2375

2376

2380

2378
2382

IF(IC(IZS) W NEL0) GO TO 2370
CONVERTS CYLINDRICAL COORDINATES TO RECTANGULAR

22=XXA(2, 1)

Z2=XXA{41,2)/5%7 29577954
23=C08(Z2)

24=5IN(Z2)

Z5=XXA{1,1)

XXA(2, 1 )=Z1%Z3~-XXA(2,2) %24
XXA(2,2)=ZAKZA+RXA(2,2I%Z3
XXAlL, 1)=Z5%C08(Z2)
XXAa(1,2)=I5%GINCZ2)

CONVERTS LOCAL COORDINATES TO GLOBAL
ADJUSTMENT TO DISPLAY DRIGIN

DO 2375 I=1,2

PO 2375 I1=1,3
1ZA=TARS(IXCIT,1Z5))
24=IX(I1,125>/1Z4

Z2=0(11)

23=XXX(11,125)

IF(I.EQ.2)Z3=0

IF(1.EQ.2) Z2=0

YYACT, TT)=XXACT, IZ4)kZ1+Z3-22

CONVERTS GLOBAL X,Y,Z COORDINATES TO X,Y SCREEN
COORDINATES OF THE 5460 DISPLAY UNIT
WITH THE PROPER VIEWING POSITION

PO 2380 I=1,2
X=(ACL,1)KYYALT, 1) +ACL, 2)KYYACT,2)+ACL,3)KYYACT,3) )XKSFLD)
Y=(AC2, 1) KYYACL, 1) +A(2, 2)XKYYALT, 2)+A(2,3)XYYA(L,3))XKSF (1)
X=AMAX1 (X, -32765.)

Y=AMAXL (Y, ~32765,)

X=AMINL (X ,32765.)

Y=AMINA (Y,32765,)

IF(ILEQ.2)60 TO 2376

XMAX=AMAX L (XMAX, X)

XMIN=AMINL (XMIN,X)

YMAX=AMAX{ (YMAX,Y)

YMIN=AMINL CYMIN,Y)

CONTINUE

IF(I.EQ. 1) IX1¢IZ3) =X

IFC(ILEQ. £)IYL(IZ3)=Y

IFC(ILEQ. 2)IDX(IZ3) =X

IF(I.EQ.2)IDY(IZ3) =Y

CONTINUE

CENTER DISPLAY

IF (IFLG6.EQ. 4)GO TO 2382
XAVG= (XMAX+XMIN) /2,

YAVG= (YHAX+YMINY /2,

DO 2378 I=41,NUMPT
IXL(I)=FLOAT{IXL (1)) -XAVG
IYAC(D)=FLOAT(IYSL(I))~YAVG
CONTINUE

CONTINUE
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0539
0540
05414
0542
0543
3544
0545
0546
0547
0548
0549
0550
0551
05%2
0553
0554
0559
0556
0557
0558
0559
0560
0561
01562
1563
0564
1565
0566
0567
0568
0549
0574
BS74
0572
0573
0574
0s7%
1876
0577
01578
0579
0s8¢
0584
0582
0583
0584
058%
0584
0587
0588
01589
0590
0591
1592
0593
0594
059%
0596
0597
0598

oo O 00

0 O

C
C
C

2390

2440

2450
2452

2500

25940

IFLG6=0
MAXIMIZE DISPLAY TO 80 %

XMAX=ABS (XMAX~XAVG)
XMIN=ABS (XMIN~XAVG)
YHAX=ABS (YMAX~YAVG)
YMIN=ARS (YMIN~YAVG)
XMaxX=AMAX L (XMAX, XMIN, YMAX,YMIN)

Z1=26000 ., /XMAX

CALCULATE DIVISORS USED FOR DISPLAY POSITIONS

OF EACH FRAME

DR=-,314159265

=-DR

DO 2400 I=1,20
R=R+DR
IDIVCID=TFIX(L ./ (SF1¥COS(R)))
CONTINUE

IDIV(24)=NPD ONLY S0 THAT THE VARIABLE
NPD WILL BE AVAILABLE IN Y 94

IDIV(21)=NPD

IFLG3=1
IKZ=1
IF(IFLES,.EQ.1)CG0 TO 2602

IF(NMP .EQ.0)GO TQ 2452
IF(ISSW(14) . LT.0)GO TO 2452
CALL TDSW(NU, D)
WRITE(NU,2450)FRQ(NMP)
FORMATC(/,F42.4," HERTZ",/)
CONTINUE

GO TO 2510

EXPAND COMMAND

Zi=IPARYL

Z4=7241/100,
SF{1)=Zi¥SGF (1)

SF (2)=8F (2)%Z}4
IFL.G8=0

DO 2600 I=1,NUMPT
X4=FLOAT(IXL(I>)%Z4
Yi=FLOAT(IYL(I))IXZ4
DX=FLOATCIDX(I))
DY=FLOAT(IDY(I))
Xi=AMINL (X4 ,3276%5.)
Yi=AMINL (Y1,32765.)
DX=AMINL (DX,32765.)
DY=AMINL (DY ,3276%.)
Xi=AMAXL (X1 ,-32765.)
Yi=AMAXi(YL,~3276%.)
DX=AMAX1 (DX ,-32765.)
DY=AMAX1(DY,~32745.)

IX2(I)=X4 A-244
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0599 IYE(D)=Y1
0600 IDX(I)=DX
0604 IDY(I)=DY
ﬁ 0602 IF ((DX.EQ.32765.) .0R, (DX .EQ.~32765.)) IFLGE=1

0603 IF ((DY.EQ.32765.).0R. (DY .EQ.~32765.) ) IFLGB=4
0604 2600 CONTINUE
0605 IFCIFLGH . EQ. IWRITE(NU,2698) TRELL
0606 2698 FORMAT(/,"ERROR-DISPLAY OVERFLOW®,AR)
0607 2602 CONTINUE
0608 IFLGS=0
0609 GO TG 10060
0610 C
0611 C MOVE COMMAND
p6i2 C
0643 3000 IFC(IPARZ.EQ.-9999) 6O TO 3070
8614 1Z1=FLOATC(IPARL I X320,
0645 1Z2=FLOAT(IPAR2 X320,
B6ib DU 3050 I=1,NUMPT
0647 IXL (D =IX1C¢I)+T1ZY
0648 IYECI)=IYE(I)+122
0619 3050 CONTINUE
6626 ©

4 0624 © MOVE THE DISPLAY IPARL % UP AND IPAR2 % RIGHT
0622 C 1F THE PARAMETERS ARE NEGATIVE , 60 THE
0623 C OPPOSITE DIRECTION
0624 C
0625 GO TO 1000
0626 3070 CALL RWCOR(IPARY,XXA(1,1),XXACL,2) ,XXA(1,3),ICH, 1)
0627 1Z5=IPTCM¢IPARL)
0628 IFCICCIZS) . NE.O) GO TO 31060
0629 Z5=XXA(1,1)
0630 I2=XXA(1,2)
0634 22=22/57.2957791
0632 XXA(L,1)=Z1XCOS(ZR)
0633 XXA(L,2)=Z4XSINCZ2)
0634 3100 DO 3200 I=1,3

\ 0635 I1Z1=TABS(IX(I,IZS))

z 0636 Z4=IX(1, IZ%)/1Z1

' 0637 3200 OCI)=XXA(4,IZ1)%XZ4+XXX(I,IZ%)
0638 C
0639 C IFLG6 = 1 INHIBITS AUTO CENTERING
0640 C
0641 IFLG6=1
0642 GO TO 2364
0643 C
6644 C AMPLITUDE COMMAND
D6AS €
0446 4000 IF(IPARL.LE.D)IPARi=100
0647 Z1=1ABS(IPARL)
0648 SFi=5F1%21/100.
0649 C ;
0650 C IFLGS = { INHIBITS AUTO EXPANSION ;
8654 C '
0652 IFLES=1
0653 GO TO 2394
0654 C
0655 C ROTATE COMMAND
0656 C
0657  AS00 Zi=IPARY
0658 2L=21/57,29577951
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0659
06610
06614
0662
0663
0664
066%
0666
667
0668
0669
0670
0671
0672
D673
0674
067%
0676
0677
0678
0679
0680
06814
1682
04683
0684
068%
0686
0687
0688
0689
0690
0691
0692
0693
0694
069S
0696
0697
0698
0699
0700
07014
0702
0703
0704
0705
0706
0707
0708
0709
0710
0714
07412
0743
0744
071%S
0746
0747
07418

C
c
c

OCcoOnG

aoo

4600

5000

60040

6100
6200

123%

6500

Z2=C0S(21) |
Z3=GIN(Z1) t
DO 4600 I=1,NUMPT

Z4=IX4 (1)

Z5=IDX(I)

IX4(1)=Z2XZ4~Z3KFLOAT(IY4(I))

IDX(1)=22%ZS5~Z3KFLOATC(IDY (1)) ;
1YL (1)=Z2XFLOAT (1Y (1))+23%Z4 |
IDY(I)=Z2XFLOAT(IDY (1))+Z3%2Z5 |
GO TO 1000 !

CONVOLUTION COMMAND

IANSPD=IPARY
GO TO 1000

STORE AND READ SET-UP AND MODAL DATA TO AND FROM DISC
READ

CALL KYHED(2HMS,35,1)

CALL KYHBD(2HMS,25)
IF(IPARL . EQ. ~9999)G0 TO 9011
IF(CIPARL.GE.0) . AND. (IPARL.LE.B800))CALL KYED(2HMS,31,IPARL)
IFC(CIPARL.LT.0).0R, (IPARL.GT.800))GD TO 6800
CALL KYED(2HMS,11,0)

CALL KYBD(2HMS,31,-1,1)

CALL RWCOM(-4)

IF CICOMM.NE.12345)G0 TO 6800
CALL KYED(2HMS,11,I0N)

CALL RWCOM(0)
IF(ICOMM.NE.12345)60 TO 6800
NMP 1=0

NMP =0

IFLG3=0

IRT=ICM

CALL KYED(2HMS,11,IRT)
IRF=IRJ-1

DO 6200 I=IEM,IRJ

CALL KYED(2HMS,$1,I)

CALL KYED(2HMS,35,1)

CALL KYBD(2HMS,15)
WRITE(1,1235)(IT(I),I=4,5)
FORMAT(/,"TEST ID I18",23X,5A2)
GO TO 1000

STORE

CALL KYBD(2HMS,35,1)

CALL KYBD(2HMS,25)

IF(IPARY .EQ.~-9999)GO TO 9044
IF(CIPARL.GE.0).AND. (IPARL .LE.B00))CALL KYBD(2HMS,3%,IPARY)
IFC((IPARL ,LT.0).0R.(IPARL.GT.B00))CO TO 6800
IL=2H##

CALL RUWCOM(1)

IH(6)=52525B

IH(?)=10

IH(10)=IT(1)

IH(L4)=1IT(2)

)=IT(I)
IH(A2)=IT(3 A-246
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07419 IH(L3)=1IT(4)

0720 IH(L14)=1IT(S)

0721 IH(34)=2H71

0722 CALL KYBD(2HMS,21,I0N)
8723 CALL KYBD(2HMS,21,1ICM)
0724 IH(34)=2H72

072% IRJ=ICM-1

0726 IPARL=IPARL +2

0727 DO 6700 I=1EM,IRJ
0728 IPARL=IPARL +4

0729 6700 CALL KYBD(2HMS,241,1)
073G WRITE(L,6708)IPARYE
0734 6701 FORMAY(/,"NEXT DATA RECORD IS “,I4)
0732 CaLL KYBD(2HMS,3%,1)
0733 CALL KYBD(Z2HMS,1%)
0734 GO TO 41000

073% 6800 WRITE(L,6804)
0736 6801 FORMAT(/,"ERROR-INVALID DATA RECORD™)

0737 NMP1=0

0738 NMP =0

0739 IFLG3=0

0740 ICOMM=1234%

0744 GO TO 1000

0742 C

0743 C AUTO SCALE OF DISPLAY
0744 C

0745 7000 Zi=IPAR1

0746 IF(Z1.LT.2000)G0 TO 74100
0747 IF(ZL.6T.S000>6G0 TO 7100
0748 SCALE=Z41%10.

0749 7100 CONTINUE

07506 GO TO 1000

0751 C

0752 C ENABLE POINT LABELING FOR PLOT
0763 C

0754 7500 CONTINUE

0755 IFC(IPARL . EQ.-9999)IPAR1=100
0756 IF(IPARZ.EQ.-9999)IPAR2=400
0757 IF(IPARI.EQ.~9999)IPAR3=100
0758 IF(IPAR4 .EQ.-9997)IPAR4=1
0759 IF(IPARS .EQ.-9999) IPARS=250
0760 IDIV(22)=IPARYL

0764 IDIV(23)=IPAR2

0762 IDIV(24)=1IPAR3

0763 IDIV(25)=IPARA

0764 IDIV(26)=IPARS

0765 IDIV(27)=14

0766 GO TO 1000

0767 C

0768 C INPUT POINT TO BE INTENSIFIED
0769 C

0770 8000 CONTINUE

07714 INTPT=IPARA

0772 GO TO 1000

(/P 2333333333383 3833¢3 838333883323t dsdssstsdstiediostsisssesdsssisssets)
0774 C EXIT TO OTHER QVERLAYS

0775 CXMMMNM MMM AR K K KK K KK K 0 KKK KKK KK 3K 3K KRR 00K 0K K 0K KKk K
0776 9004 I=i
0777 GO TO 9900

0778 ?002 I=2
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0779 GO TO 9900
0780 9003 I=3

0781 GO TO 9900

0782 9004 I=4

0783 GO TO 9900

0784 9005 1=5

0785 GO TO 9900

0786 9006 I=6

0787 GO TO 9900

0788 9007 I=7

0789 GO TO 9900

0790 9008 I=8

0791 GO TO 9900

0792 901t I=it

0793 GO TO 9900

0794 9900 CONTINUE

079% IFLAG=1

0796 CALL RWCOM(L)

0797 CALL KYED(2HMS,38,1)
0798 CALL OVLD(9)

0799 9995 CONTINUE

0800 IL=2HES

0801 IF(ICOMM.EQ.12345)CALL RWCOM(1)
0802 CALL KYBD(2HES,IES,0)
0803 RETURN

0804 END

080% END$
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$Y908

0001
poo2
0003
0004
0005
0006
0007
0008
0009
0040
0011
0012
0013
0014
0015
0016
D017
0018
0049
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0034
0032
0033
0034
003S
i 0036
, 0037
| 0038

0039
[ 0040

0041
0042
0043
0044
004%
0046
0047
r 0048
! 004%
: 0050
0054
0052
0053
0054
00S5
0056
0057
0058

T=00004 IS ON CRO0L103 USING 00026 RLKS R=0219

FTN4
SUBROUTINE YOO0O0PCINTOT,IPAR)

THIS PROGRAM IS STORED UNDER $Y908

[2Bw R

52000 3 KK 350K HOK KK KK KKK KO K K OHOK K KK KKK K08 3K KK 3K K K 3K K KK K K 3K 3K 3 3K K 0 3 0K 2 0 3 3 K 30K XK K

PROGRAMMER: R.J,ALLEMANG
MAIL LOCATION # 72
UNIVERSITY OF CINCINNATI
CINCINNATI, OHID 4%221
513-475-6670

REVISION DATE: DEC 17, 1979

cococoooocon

ORI IORIORIOKK K AOKKKHOK HOKAOK KKK KA ORI K KKK KKK K HOK AR K KKK KK KKK KKK KK KKK

DIMENSION IPAR(6),LINE(36),LINEL(35),12(40),INR(6)
1,IDIV(4), ICMMD(24) , TH(1) ,IX1 (1), IYL (1), IDX(L),IDY (1)
2,1C4 (1), IPTCM(1) ,LABEL(20) , TPDINT(4)

EQUIVALENCE (LINE(2),LLINE1)

COMMON 1COMM, MANRE , MDVA, BETA, IBLS, IT(5),ID(3),IP ,NUMPT
1,NM, ICON,NCOM, XXX (3,10),IX(3,10),IC(10) ,NMP ,XR(3),A(2,3)
2,0¢3),IK(10),NCNCL0),SF (2) ,XXA(2,3),YYA(2,3)
3,FSHFT,DF ,MCF,12R,IL,IPARL,IPAR2,IPARS, IPARA, IPARS , IPARG
4,IFLAG,NS,NE ,RMMC10) ,FRAC10) , ZETA(L0)

EXTERNAL HDRS,DTADD,NMAX

DATA ICMMD/2HD ,2HV ,2H% ,2HEX,2H: ,

L12HM ,2H_ ,2HRO,2HA-,2HAM,
22HCH , 2HSP , 2HX( ,
3I2HX) ,2HCV, 2HC ,2HB ,2HL
42HW ,2HI ,2HK ,2HA+,2H/L,
S2H/ ./
CRAKAAARKAAKRACK KKK KKK KOOI KKK IR KA K KKK K
C UNIVERSITY OF CINCINNATI/LEUVEN MODAL ANALYSIS PRUGRAM
c
c MOVIE PROGRAM
SRR AR AR IO KKK KKK KK AOK KKK AOK KKK KRR KKK KKK KKK
IRELL=7E
IPAGE=15414R
CALL SETAD(HDRS,IH,-8,0)
ICOMM=0
IES=1024
CALL KYED(2HES,IES,0)
CALL GETI(NMAX,IELM)
ION=IBLM-1
ICM=TON-1
IBM=2
CALL RWCOM(0)

IF INITIALIZATION IS REQUIRED, LOAD Y 94

oo

IF (ICOMM.EQ.12345)G0 TO 900
CALL KYED(2HMS,38,-8,1)
CALL OVLD(9)
900 CONTINUE
IF(IFLAG.EQ.4)G0 TO 1430
CREKKRKIKKIORARAR AR NRAK KA HRKIAARIAORAAORK KRR RRK IR KK RRK KKK
C START OF MONITOR 2-249




0049
b T
8061
boez
0063
0064
006%
0066
0067
0068
069
0070
8671
0872
0073
8074
607%
0076
6077
0078
Do79
008d¢
9081
goae
0083
0084
008s
8086
6687
6088
0089
9090
00914
0092
8093
6074
009%
iRikg-}
0097
0098
0099
0400
01064
6102
0403
0104
0405
0106
0107
0108
0409
0110
0114
04412
0443
0444
041495
6146
0447
0148

0K KK 00K KK A O MIOK R K 3K KKK OKKOM KK KA IORAOKOIOK ROOIOK K ORI KAOIK K XK KRRk K

1000
1010

1020
1030
10446
1042

ooon

11195
1120

200 3K K 3K K ACROKCAINOR S KKK KKK KK AR IR AKOR A M R K K o 3K KK KR AR KRR ROR

C

0k o K K KK KKK KK R K K 33K AOK K Ko K ORI KK KKK KKK ORI KR K KKK K

1130

1138
1139
1140
1144

1146

1148

1100

o06

3000

WRITE(4,1080) IBELL
FORMAT ("¥",A2)
I=1SWR(177677E,0,0)
IPARE=-9999
IPAR2=-9997

IPAR3I=~-9999
IPAR4=-9999
IPARS=-9999

IPARG=-9999
PO 1030 I=1,36
LINE(I)=2H, ,

CALL TTYIN(LINE)

CALL TEST(1,IST,LO0G)
IFCIST.LT.0)GO TO 1042
CALL CODE

READ (LINE,1120) IL

IF CICOMM.E@. 12345)G0 TO 1115 !

PUT A CHECK FOR ANY COMMANDS THAT ARE NOT TO BE
EXECUTED UNLESS ENOUGH SET-UP IS PRESENT

CONTINUE

FORMAT (A2)

CaLtL CODE

READ(LINEL , %) IPARL,IPAR2,IPARZ,IPAR4, IPARS,IPARS

MONITOR COMMAND TAEBLE

IFLAG=0

CALL RWCOM(L)

IFCIL . EQ. 2HE#)G60 TO 1000

NCMMD=24

DO £138 I=1,NCMMD

IFC(IL.EQ. ICMMDCIN)IGO TO 1144

CONTINUE

WRITE(L,1140)

FORMAT(/, "ERROR-ILLEGAL COMMAND")

GO TO 1000

IFCILGT. 10060 TO 1146

GO TO (9004,9004,9004,9004,9004,9004,9004,9004,9004,%9004),1
I=1-10

IFCI.GT. 10060 TO 1148

go TO (9004,9004,56000,6500,9004,9995,1100,1400,9002,9004),1
=1~10

GO TO (9001,9003,3000,9004),1

CONTINUE

IF(IPARL . EQ, 37060 TO 900%

IF(IPARL .EQ.10)GO TO 9006 ]
IF(IPARL.EQ,.6)GD TO 9007

GO TO 1139

ASCII TEXT TO S460 CRT SCREEN

CONTINUE
IFCIPARZ . EQ.~9999)IPAR3I=S000
IF(IPAR2.EQ.-9999) IPAR2=500
ICC=0
IF(IPARL . EQ.~9999) IPARL=0

IF(IPARY .GT . NM)IPARA=0
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0149 IF(IPARL .LT.0)GO TO 3100
0420 IF(IPARL.GT.0)AL=FRQ(IPARYL)
0121 IFC(C(IPARL.GT.0).AND, (IPARL.LE.NM))ICC=1
0122 CALL CRT(IPAR2,IPAR3,ICC,AL)
0123 GO TO 1000
0124 3400 CONTINUE
012% IPARL=IARS(IPARY)
0i26 IFCIPARL .GT.820)0G0 TO 4000
0127 CALL KYBD(2HMS,31,IPARY)
0128 CALL KYEBD(ZHMS,11)
0129 IPNT=IH(1i3)
0130 IFCIHCL0) . NE.2HCH)GO TO £000
0434 CALL TTYINC(LINE)
0432 3140 CALL TEST(1,IST,LOG)
0133 CALL KDIS(D0,4,IPNT,i2)
0134 IFCIST.LT.0)GO TO 3110
013% GO TO 1000
0436 C
0137 C STORE AND READ SET~-UP AND MODAL DATA TO AND FROM DISC
0138 C
0439 C READ
0140 C
0ia44 6000 CALL KYBD(2HMS,35,1)
0442 CALL KYBD(2HMS,2%)
0143 IFCCIPARL.GE.0) . AND, (IPAR1.LE.B800))CALL KYBD(2HMS, 31 ,IPARYL)
0144 IFC(IPARL.LYT.0),0R.(IPARL.GT.800))>GO TO 6800
014% CALL KYBD(2HMS,11,0)
0146 CALL KYBD(2HMS,31,-1,1)
0147 CALL RWCOM(-4)
0148 IF(ICOMM . NE,1234%)G0 T0O 6800
0149 CALL KYBD(2HMS,11,I0N)
0450 CALL RUWCOMC0)
0iS1 IF(ICOMM . NE.42345)G0 TO 6800
04152 NMP =0
0153 IRI=ICM
01S4 CALL KYBD(2HMS,11,IRJ)
015% IRJ=IRJ-4
0456 6100 DO 6200 I=1IBM,IRJ
0157 6200 CALL KYEBD(2HMS,11,1)
0158 CALL KYBD(2HMS,3S,1)
0159 CALL KYBD(2HMS,15S)
0160 WRITE(1,123%)(IT(ID),I=4,5)
01614 1235 FORMAT(/,"TEST ID IS",23X,542)
0162 GO TO 4000
0163 C
0164 C STORE
0165 C
0166 6500 CALL KYBD(2HMS,35,1)
0467 CALL KYBD(2HMS,25)
0168 IF((IPARL.GE.0) .AND. (IPAR1 .LE,B00))CALL KYRD(2HMS,31,IPARY)
04169 IFC(IPARL.LT.D).OR.C(IPARL.GT.B800))GO TO 6800
0170 IL=2H$$
0174 CALL RUWCOMC(YL)
0172 IH(6)=52%25B
0473 IH(9)=40
0174 IH(L0)=IT(4L)
047S IH(11)=1IT(2)
0176 IH(L2)=IT(3)
0477 IH(L3)=1IT(4)
0178 IH(14)=IT(S)
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0179 IH(34)=2H74

0180 CALL KYRD(2HMS,21,10N)
0184 CALL KYBD(2HMS,21,1ICM)
0182 IH(34)=RH72

0183 IRI=ICM~1

0184 IPARL=IPARL+2

0185 DO 6700 I=1EM,IRJ

0186 IPAR1=IPARL+4

0187 6700 CALL KYED(2HMS,24,1)
0188 WRITE(1,6701)IPARY
0489 6701 FORMAT(/,"NEXT DATA RECORD IS *,I4)
0190 CALL KYBD(2HMS,35,1)
0494 CALL KYED(2HMS,15)
0192 GO TO 1000

0193 6800 WRITE(1,6801)
0194 6804 FORMAT(/,"ERROR-~INVALID DATA RECORD")

019S NMP =0
0196 ICOMM=1234%
0197 G0 TO 1000

G128 CRAAORMRAOK MR A OK R KK R A HNOKOK K A KK KK 3K K020 3000 0 00000 KON KK
6199 C EXIT TO OTHER OVERLAYS

Q200 CRMOMAM A K R MK AR K K K HOR A ROK N KK K KKK K 30 K 300 o KK RO AR AOK K K K K KKK
0201 9001 I=%

o202 GO TO 9900

0203 2002 I=2

0204 GO 17O 9900

0209 2003 1=3

8206 GO TO 99400

0207 2004 1=4

0208 G4 Ta 9900

0209 9005 I=%

3210 60 10 9900

0211 7006 I=6

g212 G TO 99400

0213 9007 1I=7

0214 GO TO 99400

021% 9900 CONTINUE

0216 IFLAG=1

0217 CALL RWCOM(1)

0218 CALL KYED(2HMS,38,I1)
0219 CALL OVLD(?)

02210 9995 CONTINUE

o224 IL=2H##%

o222 IF(ICOMM . EQ. 12345)CALL RWCOM(1)
0223 CALL KYBD(2HKES,IRS5,0)
0224 RETURN

022% END

6226 ENDS
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$Y909 T=00004 IS ON CRO0403 USING 00071 BLKS R=0615

0001 FTNA4
0002 SUBROUTINE Y0009 CINTOT,IPAR)
0003 CRRKAKIKKIKIRRK AN KKK KRR KOKR KRR KKK KK ORI IO KKK KK KKK KK KKKk KoK
0004 C THIS PROGRAM IS STORED UNDER $Y909
000S C
D006  CRKIKIKKRAKIAAAKORK KKK KA IOK KKK IR KOOI KRR IOKK KK K KKK
0007 C
0008 C PROGRAMMER: R .J.ALLEMANG
000S C MAIL LOCATION & 72
0010 C UNIVERSITY OF CINCINNATI
0014 C CINCINNATI, OHID 45221
0012 ¢ 513-475-6670
0013 C
0014 C REVISION DATE: JAN 19,1984
0015 C
0046 CRKKKKIKKIKIKKAOKAK KK AIRACKOKA KO I IO KAORKIORK ORI OKIOKK K KK KKK
0047 INTEGER BLANC,STER
0018 DIMENSION IPAR(6) ,LINE(36),LINEL(35),IZ(10),INQ(S)
0049 1,IDIV(L), TCMMD (), IH(1) , IX4 (1), 1YL (1), IDX(1),IDY (1)
0020 2,101¢(4), IPTCH(1)
0021 3,A0C4),ML(1) ,NDDLC20) , EMUCL0)  BNUCL0) , 1Y (1)
0022 4,AM(4),X8(4), IPL(41) ,AMUCL) ,ANUCE) ,ADC1),BD(1),Q(1)
0623 EQUIVALENCE (LINE(2),LINEL)
0024 COMMON TCOMM, MANRE ,MDVA, BETA, IBLS, IT(S),ID(3),IP ,NUMPT
0025 1,NM, TCON,NCOM, XXX (3,40),IX(3,40),1C(40) ,NMP ,XR(3) ,A(2,3)
0026 2,003),IB(10),NCNC10) ,5F(2),XXA(2,3),YYA(2,3)
0027 3,FSHFT,DF ,MCF,1ZR,IL,IPARL,IPAR2,IPAR3, IPAR4, IPARS, IPARS
0028 4,IFLAG,NS,NE,RMM(10) ,FRR(1D) ,ZETA(LD)
0029 EXTERNAL HDR8,DTADO , NMAX
0030 DATA ICMMD/2HK ,2HMS,2HW ,2HSP,2H/D,
0031 12H¢ ,2HD ,2HCL , 2HCR/
003z DATA BLANC,STER,KROL/1H ,1Hk,iHE/
0033 CXMAKAAAKRAAIORAKHAAK KA AR KKK KKK KA AN K AR K KK
0034 € UNIVERSITY OF CINCINATI/LEUVEN MODAL ANALYSIS PROGRAM
0035 C
0036 C LEAST SQUARES STARTING VALUE PROGRAM
G037 CHMRMAAKRKKKIRA KK AR IR K IOKHK KA KRR AR AR A AKX KKK IOKKKOIOIOOK KRR KKK
0038 IBELL=7E
0039 IPAGE=15414R
0040 CALL SETAD(HDRS,IH,-8,0)
0041 1COMM=0
0042 IRTN=1000
0043 IBS=1024
0044 CALL KYED(2HES,IES,0)
0045 CALL GETI(NMAX,IELM)
0046 ION=IBLM~1
0047 ICM=TON-t
0048 IBM=2
004% CALL RWCOM(D)
0050 C
0054 g IF INITIALIZATION IS REQUIRED, LOAD Y 9%
0052
0053 IF(ICOMM,.EQ. 12345)G0 TO 900
0054 850 CALL KYBD(2HMS,38,-9,4)
0055 CALL OVLD(9)
00S6 900 CONTINUE
0057 IF CIFLAG,.NE.92)G0 TO 850
0058 €
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&

0059
0060
0061
0062
0063
0064
006S
D066
0067
0068
0069
6670
00714
0072
0073
0074
0075
0076
0077
0078
0079
0080
00814
oog2
0083
0084
ooe8s
guBée
00687
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0104
0102
0103
0104
01a%s
0106
0107
0108
0109
0110
01114
0142
0113
0114
0115
0146
0117
0148

2

STORE MODAL INFORMATION TO DISC

aocaoon

CALL KYED(2HMS,35,1)
CALL KYBD(2HMS,25)
CALL KYBD(2HMS,31,841)
IL=2H#$
CALL RWCOM(1)
CALL KYED(2HMS,24,10N)
CALL KYBD(2HMS,21,1ICM)
IRJ=ICM-1
D0 950 I=IRM,IRJ

950 CALL KYED(2HMS,21,1)
CALL KYED(2HMS,35,1)
CALL KYBD(2HMS,15)

SET-UP DATA SPACE FOR STARTING VALUE PROGRAM

izReRy

CALL SETAD(DTADO,@,1024,~1)
CALL SETAD(DTADO,AM,2048,-1)
CALL SETAD(DTADO,AD,3770,-1)
CALL SETAD(DTADO,BD,5440,-1)
CALL SETAD(DTADO,X1,5492,-1)
CALL SETAD(DTADO,AMU,5574,~-1)
CALL SETAD(DTADO,ANU,5654,-1)
CALL SETAD(DTADO,A1,0,-1)
CALL SETAD(DTADOD,Mi,256,-1)
GO TO 3503

NOTE!t111v DATA DISC RECORDS ABOVE 810 ARE USED BY THIS PROGRAM

30K KKK IR KKK K KK 30K K 0K 30 KKK KKK KK 3 KOO K K K K K K K KRR KKK ORI R KK

c START OF MONITOR

3R ORI KKK KKK SIOIOIOR IR I0OK K 3K KK KKK KK KK KKK K KKK R KKK K K KK K KK KK KKK K

1000 WRITECL,1040) IRELL
MFLAG=0

1010 FORMAT ("X%X",A2)
I=ISWR(177677K,0,0)
IPARL=-9999
IPAR2=~9999
IPAR3=-9999
IPAR4=-9999

1020 DO 1030 I=1,36

1030 LINE(I)=2H,,

1040 CALL TTYINCLINE)

1042 CALL TEST(1,IST,LOG)
CALL KDIS(0,NS,NE,A4)
IF(IST,.LT.0)G0 TO 1042
CALL CODE
READ(LINE,1120)IL

1120 FORMAT (A2)

CALL CODE
READ(LINEL,X)IPAR1,IPAR2,IPAR3, IPAR4, IPARS,IPARG

CAORAONOK A AN KKK KK KK 3R KK K 0 00 0 00 30000 000300 K KKK R R KK K KRN KOK K KK KK kKoK

c MONITOR COMMAND TABLE

CRORARORN AN K K KKK 00 0K KK 00K R 08 0 20K 2K KK 20K KK KKK R K

NCMMD=9

DO 4438 I=4,NCMMD

IF(IL.EQ.ICMMDC(INIGO TO 14144
1138 CONTINUE

1139 WRITE(1,41140)
’ A-254
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l
! 0Lty 1140 FORMAT(/,"ERROR-ILLEGAL COMMAND")
0120 GO 70 1000
0124 1144 CONTINUE
0122 GO 7O (1%500,3000,4700,1400,1630,1610,5990,2000,%000),1
0123 L**#t***##K*#*****###*#**********###***********XX***#****#K******#*#*
0124 C STARTING VALUE PROGRAM BEGINS
0425 CMMAMBMBMMMON MK N OK K KKK K KK KK KK K KK K KK 3K 3K K K 300K 0 K K K K K 30K K KK K K 3K 30K 3K 0K K K K oK
0126 C KEYEROARD ENTRY
027 CXORAMOKN N KKK K K 3K KK 0 K KKK K KK K K0 K 3K K 00 3K KK 3K K K KK KKK KKK KK KOK K KOK0K KK KKK
0128 1501 MFLAG=1
0129 1500 CONTINUE
0130 PI2=6.28318%
0434 CBROKKMMRNOK KK K 0 3 K K 3K KB K K 5 30 K KK K KK KK 0 38 3 3K 0 3000 10K 30K 0K K 20K 30K 2K 0K K KK K K K K
0132 C
0433 C IN Y909 AND Y9410, THE FOLLOWING VARIARLES ARE USED AS FOLLOWS:
0134 C
0135 C MFLAG = FLAG FOR AUTOMATIC OR INTERACTIVE
0136 C ITYP = 41 NO RESIDUAL TERMS
0137 C 1ITYP = 2 INFLUENCE OF RESIDUAL MASS ONLY
0138 C ITYP = 3 INFLUENCE OF RESIDUAL FLEXIBILITY ONLY
0139 C ITYP = 4 INFLUENCE OF RESIDUAL MASS AND FLEXIRILITY
0140 C BETA = EXP. DECAY RATE OF EXP. WINDOW USED ON IMPACT DATA
0141 C EXPXX(-BETAXTIME)
6i42 C SCA = GCALE FACTOR OF MEASUREMENTS
0143 C NDD = NUMBER OF SETS OF DATA POINTS TO BE DELETED
0144 C BETWEEN NS AND NE
0145 C NDDL(X)= START AND END CHANNELS OF SETS- OF DATA
0146 C DESCRIEED BY NDD
0147 C MDVA = 0,1,2 DATA IS DISPLACEMENT, VELOCITY, ACCELERATION
0148 C NES =
0142 C MAMU = MAXIMUM POSSIBLE NUMBER OF MODES IN CALCULATION
0150 C MAN2 = REQUESTED NUMEER OF DEGREES OF FREEDOM
0151 C TOL =
0152 C MANL =  MAXIMUM POSSIEBLE NUMEER OF MODES IN CALCULATION
0153 C MSAMP =
0154 C NN =
0455 C BMU(X) = FINAL ARRAY OF DAMPING FACTORS
0156 C BNUC(X) = FINAL ARRAY OF DAMPED NATURAL FREQUENCIES
0157 C MANRE = NUMBER OF MODES USED IN PARAMETER ESTIMATION
0158 C NMZ = DIMENSION OF GREATEST POSSIELE MATRIX
0159 C REQUESTED PLUS ONE
0i60 C MAN3 = ACTUAL NUMRER OF ELEMENTS IN THE LARGEST MATRIX
6ies C MZ = POSSIKLE NUMERER OF ELEMENTS IN THE LARGEST MATRIX
0162 C AMU(X) = WORKING ARRAY FOR DAMPING FACTORS
. 0i63 C ANU(X) = WORKING ARRAY FOR DAMPED NATURAL FREQUENCIES
0164 C MANA =
0165 C
0166  CRMAORBMMOM MM A A OK K KK KK KK KK R KK K KKK ROK KK KK KK K 3 KK KKK 3K KOK 0K K K KKK KK K
0167 NES=0
0168 TOoL=1.E-6
0169 MAMU=20
0170 MSAMP=1S
0171 NN=40
0172 DO 1561 II=1,10
BMU(II)=D.
BNUCII)=0,
MANRE=0
MAN1i=MAMU
MAN2=NN
NMZ=41




0179
6184
0181
0182
0183
0184
04185
04186
0187
0188
0189
0190
0194
0192
0193
0194
0195
0196
0497
0198
0499
6200
0204
0202
0203
06204
020%
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
6216
0247
0248
02419
0220
02214
o222
0223
0224
022%
6226
0227
0228
0229
0230
02314
0232
0233
0234
0235
0236
0237
0238

1590

(2233 ]
€

Cxxxx
5000

5002
5003

9510

3,/7,10%, "N2

500%

5006

Si240

5190

5200

MZ=861

MAN3=MZ

MANU=NN

DO 1590 Il=1,MANU

AMU(II)=0,

ANU(II)=0.

MAN4=NMZ

IF(MFLAG.EQ. )60 TO $000

GOTO 4000
FORARRIORHORAKR KKK A KKK IR KKK K IOKK IO KKK KKK IR KKK KK AOK KKK KKK K

CORRELATE COMMAND

AR AR K KRR K AOK KKK KKK KKK AR ORI KRR KKK R KO
CONTINUE

MDVA=0

BETA=0.0

MSHIF =NS

MIBS=(NE-NS)X2

DG 5002 I=1,512 ,

Q(I)=0. !

DO 003 I=1,MZ

AM(I) =0,

XNO=0 ,

WRITE(L,9510) IBELL

FORMAT(/, "ENTER RANGE OF DISC RECORDS FOR CURRENT TEST:"
,"(NL,N2,N3)"
2,7,10X,"N4 = STARTING RECORD"
ENDING RECORD"

NUMBER OF SAMPLES/MEASUREMENT (OPTIONAL)",A2)

WoHou

4,/,10X,"N3
I=0
READCL, %) MELL,MBL2, T
11=MBL2-MBL1

MSAMP=180/141+2
IF(1.GT.MSAMP)IMSAMP=1

IF (MSAMP . GT.60)MSAMP =60
NOSAMP=0

CALL KYED(2HMS,31,MBL1)
CALL KYBD(2HMS,11,0)
IF(ISSW(11).LT.0)G0 TO S006
CALL NIXIT(MEL4)
IFC(ISSW(2).LT.0)GO TO 5120
CALL CHKID(IT,ICIC)
IF(IH(36) .NE,IZR)GD TO 5900
IF(ICIC.EQ.0)CO TO 5900
CALL KYBD(2H_ ,0,MSHIF)
CAaLL KYBD(2HES,MIBS,0)

CALL KYBD(2HX),1)

CALL KYBD(2H: ,0,30000)
CALL KYBD(2H: ,0,30000)
CALL KYBD(2H: ,0,30000)
MMM=MIBS/2

CONTINUE

CALL KYBD(2HF ,0)

CALL GETR(D,INQ)

DT=1. /(DFXFLOAT(INR(1)))
XNO=XNO+1 ,
INQ(2)=IAND(INQ(2) ,~64) /64
CAL=(10, XXING(2) ) XFLOAT CINQC3) ) /FLOAT(32767) %%2
CAL 1 =CALXCAL

DO S250 I=1,MSAMP

NOSAMP MP +
1] =NOSA 1 A-256
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0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0288
0289
0290
02914
0292
0293
0294
0295
0296
0297
0298

IK=1-1
CALL SETAD(DTADO,IY,IK,~1)
I=0

DO S150 Il=1,NMZ
DO $150 K=1,II
I=J+1
5150 AM(J)=AMCT)+CALLX(FLOATCIY (1) )KFLOATCIY(K)))
5250 CONTINUE
CALL KYED(2HF ,0)
CALL KYBD(2H%-,0)
CALL KYED(2HF ,0)
CALL SETAD(DTADG,IY,0,~1)
DO S600 I=1i,MIES
5600 Q(I)=Q(I)+FLOATC(IY(I))IXCAL
5900 CALL KYBD(2HES,IES,0)
IF (MEL1.GE.MEL2)GD TO 5990
MEL1=MEL1+1
GO TO S00S
CHORRACKHRRRIK AR AR AR AR IR KRR OK AR AR KKK AR AR K KKK A K KKK KKK KKK K KKK
C DISPLAY COMMAND
CRRKK AR AKAORK AR AR AOK KKK KKK AR AR RACK KKK RO KA KKK KK KKK KK KK
5990 CALL KYED(2HCL,0)
CALL KYED(2HES,MIES,0)
DO 5905 I=1i,MIES
XVAL=Q(1)
J=1-1
S905 CALL PUT(0,J,XVAL,YVAL)
CALL KYED(2HF ,0)
CALL KYED(2HES,IES,0)
I=IKS/2~MSHIF-1
CALL KYED(2H_ ,0,I)
IF (NUSAMP .LT.60)G0 TO 599%
IF(MFLAG.EQ.1)G0 TO 1404
GO TO 1000
5995 WRITE(1,9599)
9599 FORMAT("ERROR-NUMEER OF MEASUREMENTS INSUFFICIENT", )

GO TO 1000
200 AACKOIONOK NN KK K K K I 0K 3K 0 360K KK K 300 3K 0K K KKK KKK 0K K 3K KK 3K 0 3K KK KKK K 0K KK 0K 3K
c PARAMETER ESTIMATION BASED ON PREVIDUSLY
C CALCULATED MATRIX
CAMRAOROK IR KK KKK KKK KK K 80K KKK 3K K K KKK KK KKK KKK KK KK K KKK KKK KOKK KKK K KK
c SP 0 GO TO 4402 OUTPUT ERROR FOR
c ALL DEGREES OF FREEDOM
c OR DEGREES OF FREEDOM Ni TO N2

RO RAORROKKRKAAOKORK KKK KKK IR KK AR OK K IOK XK KKK KOR KRR KK KKK KK
1400 CONTINUE
IF(IPARL .EQ.-9999) IPAR1=0
IFC(IPARL.EQ.0)C0 TO 1402
Li=IPAR{
L2=IPARY
GO TO 1403
1402 WRITE(1,9401)
9401 FORMAT(" ENTER RANGE OF DEGREES OF FREEDOM TO BE *,
1"USED IN PARAMETER",/," ESTIMATION:",/)
READ(1,%)L1,L2
GO TO 1403
1404 Li=2
L2=32
IPAR1=0
1403 WRITE(1,9404)IPAGE
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0299
0300
0301
0302
0303
0304
030%
0306
0307
0308
0309
03410
0314
0342
0313
0314
031%
0316
0317
0318
0319
0320
0321
0322
0323
0324
032%
0326
0327
0328
0329
0330
0331
0332
0333
0334
0335
0336
0337
0338
0339
0340
0341
0342
0343
0344
0345
0346
0347
0348
0349
0350
0351
03%2
0353
0354
03%%
03%6
0357
0358

9404

aoaooah

1406
1417
1407

?41%

1409

C0RMOK KK K KKK OK K 0 308 K K KKK 3K 3K 30K 30 K K 0 0 3 30K KKK K K K 0K KK K K 3 3K KK KK K 0 OK K K K K KK

c

0 40K KK KKK 0K K K 5 0K K K KK K 20 K 30K K KKK K K 0K K 80 K 3K K K 3K KK 3K K KKK 3O 0K 3K 3K K K K K K oK K K

1408

143%

o0

1436

1437

148490
9430

—

FORMAT (A2)
DO LOOP FOR ERROR CALCULATION
SETTING MATRIX DATA (AM) INTO WORKING ARRAY (AD)

DO 1480 MANZ=L1,L2

DO 1417 1=1,M2
AD(I)=AM(D)

GO TO 1407

MAN3= (MAN2XMAN2+MAN2) /2
MANU=MAN2
IF(ISSW(LS) LT, 0OWRITE(L,9415)AD
FORMAT(SE14.5)
MANA=MANZ+1

DO 1409 I=1,MAN2
L=MANZ+ T

ED(I)=-AD(L)

STEL PERFORMS GAUSSIAN REDUCTION OF MATRIX

CALL STEL (MANZ,IER,AD(L) ,BD(1),X1(1))
IFC(IER.LT.0) GO TO 1498
DO 1408 I=1,MAN2

X4 (DHH=RD(1)

X1 (MAN4) =1,

ERROR=0,

DO 1435 I=1i,MAN4
L=MAN3+1

ERROR=ERROR-X1 (I)XAM(L)
ERROR=ARS(ERROR)
SR=ERROR/AM(1)

PLOT ERROR IN Xx FORMAT

DO 1436 I=2,41

IPL(I)=HLANC

IPL(1)=KROL

IPL(41)=KROL

SI=ALOGT(SR) X4,

IK=IFIX(39.5+SI )

IF(IK.GT.40)IK=40

IF(IK.LE.2)IK=2 :
DO 1437 I=2,IK :
IPL(I)=STER

CALL IOSW(NU,0)

WRITE(NU,9430)MAN2,5R, (IPL(I),I=1,44)
FORMAT("DOF",13,% ERROR = ",E14.6," ",41A1)
IFC(IPARY.EQ.0)GO TO 1000

2003020000 30030000 5000000 3 300 30 30 30 0050 20 3000 30 008 300000 K 00 8 000 K 308 3 0K 3K 0K KK 0K K KOK KK AOK KK KKK KK K

c
c
c
c
c
c

SP Ni COMMAND

CALCULATE FREQUENCY, DAMPING, AND ERROR
FOR N1 DEGREES OF FREEDOM

KK 0K K K000 000K 30 8000008 8 803K 00 00K 30 K 00000 300K K 800K 0K K KK K K KKK ORI KR K

MAN2=L 4
CALL NRRT(X1(1),BD(1),MAN2,AMU(1) ,ANUC(1),IER)
IF(IER.NE.D) GO TOD 1499

2
DO 1430 I=1,MAN A-258




0449 SM=8C/S6
0420 DRL=DRL-(S)+SK)XAU(J) ~(SL-SM) XAV (T)
04214 DAM=DAM- (SM+5L )Y XAUCT)I~(SK-SIIXAV ()
0422 8230 CONTINUE
0423 IF(IFLL.EQ.1)GD TO 8099
0424 IFCITYP.EQ.1)G0 TO 8100
0425 TFCCITYP . NE.2) . AND. (ITYP . NE.4))G0 TO 8200
D426 SA = -OMKOM + BETAXEBETA
0427 SE = 2.KBETAX0OM
0428 SC = SAXSA + SEXSH
0429 DRL = DRL + AMASSXSA/SC
0430 DAM = DAM + AMASSASE/SC
0431 8200 IFC(CITYP.NE.3) .AND. (ITYP.NE.4))GO TO 84600
0432 DRL = DRL + AFLEX
0433 8099 SA=SCAK(DMXXMDVA)
0434 IF{MDVA.EQ.2)5A=-8A
0435 DRL=DRLXSA
0436 DAM=DAMXSA
0437 B100 CONTINUE
0438 IF(JIZZ .NE.INCL)GO TO 8104
0439 CALL GET(2,I,ARX,AIX)
0440 XSX=ARX~DRL
0441 YSY=AIX-DAM
0442 8104 CALL PUT(3,I,DRL,DAM)
0443 CALL GET(2,1,AR,AI)
0444 B060 SOM = SOM+(AR-DRLIXX2 + (AT-DAM)X%2
] 0445 IF(IFLL.NE.$)GO TO 8065
0446 DO 8063 I=4i,NPOIN
0447 CALL GET(3,I,DRL,DAM)
0448 DRL=DRL+XS8X
0449 DAM=DAM+YSY
0450 CALL PUT(3,I, DRL paM)
0451 8063 CONTINUE
0452 8065 CONTINUE
0453 WRITE(1,8999)IRELL ,S50M
0454 8999 FORMAT(" LEAST SQUARED ERROR = ",A2,E14.%)
‘ . 0455 cxxx**xxxxmmxmxxxxxxxxxxxx*xx**x*xxxxxx*xxxxx*xxx**xxmxxxxxxmmxxx*xxxxx
E 0456 C END OF EENA3Z SUEROUTINE
i DAS7  CMIMRARAINRAR AR K I K KKK KKK KK K 3 K 3K 3K K oK oK K o K K
0458 IPARL=1
- 0459 IPAR2=NPOIN
; 0460 IF(IFLL.EQ. ) IPARL=INC2~-20
} 0461 IFCIFLY L EQ. 1) IPAR2=INC2+20
g 0462 M=2
0463 N=3
' 0464 GO TO 8322
| 0A6S  CRRMARARRMNH K KM KK AR A K A K I K KK KKK KK KKK KO KK KKK K KRR KK
0466 C DISPLAY

0467 CRAMAMKAOK AR K MK NI K AN AR AN K KK KKK KK KKK R KKK K KKKk R K
0468 2000 IFC(IPAR2.LT.4)M=IPARY

0469 IF(IPAR2.LT.4)N=IPAR2
0470 IFLi=1

0471  B322 CALL KYED(2HY ,117)

0472 CALL KYBD(2HY ,147,M,0)

0473 CALL KYBD(2HY ,117,N,M)

0474 CALL KYBD(2HY ,117,M,N)

0475 CALL KYBD(2HY ,117,0,M)

0476 8321 DO 6773 I=1,36
0477 6773 LINE(I)=2H,,
0478 6759 CALL TTYINCLINE)
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0479 IFCCINCZ2.LT. 1) ., 0R. (INC2.GT.25%))INC2=1

0480 6757 CALL KDIS(M,IPARL,IPARZ,4)

0484 CALL KDIS(N,IPARY,IPARZ,4)

0482 DO 674% 1I=1,5S

0483 674% CALL KDIS(N,INCZ,INCZ2,4)

0484 CALL TEST(4,1ISTST,LOGX1)

048% IFCISTSTIGT757,67%8,6758

0486 6758 IPAR2=9999

0487 CalL CODE

0488 READ(LINE ,X%)IPARYL, IPARZ

0489 C

0490 C IPARYL = 0 NO MODAL COEFFICIENTS ARE STORED
0495 C IPARL ¢ O STORE MODAL COEFFICIENTS

0492 C IPARYL > O DISPLAY POINTS IPARL TO IPARZ
0493 C IF IPAR2 IS DEFAULTED, ADD MODE
0494 C IPARL TO RECONSTRUCTION

0495 C

0496 IFLi=0

0497 IFCIPARL)ISNH0,6780,6790

0498 6780 IPARR=0

0499 CALL KYBD(2HRS,IBS,0)

0500 GO TO 5999

05014 6790 CONTINUE

0502 IFC(IPARZ2 . NE, 9999)60 TO 8321

0503 IFLi=1

0504 IDMODE=IPARL

0%05 IF(IPARL . GT. (MANRE+1))IPARZ2=NPOIN

6506 IF(IPARL . GT. (MANRE+1))G0 TO 8321

0507 IFCIPARL . EQ. (MANRE+1)) IFi 1=0

0508 GO TO 1500

0S09  CRAMMKAAR OO N A K K KKK KKK K A KK K K K K K K 3K KK KK K KKK . 3 K kK oK 30 K 3K o K K K 0K oK K OK KK K
0510 € STORE MODAL CODEFFICIENTS

0544 CMMAMMMMMBA AN NOK A KKK K KKK KK A K K K K K 0K K K AR K KR 8 0K 0 K 3K KKK K K 0K K KK KK 30K KO K K K
0542 S060 CONTINUE

0513 IFLi=0

0514 CaLL TOSWINU,0)

0515 DO 5250 I=1,MANRE

0546 ANG=ATAN2(AV(I) ,AUCI))

0517 R=ABS(SART(AUCI ) kk2+AV (T ) RK2) /BMUCI))

05418 IF(RH(3) .GT.0,0)R=RXRH(3)

0519 IF(RH(3) .GT.0.0)AMABS=AMASSXRH(3)

0520 IF(RH(3).GT.0.0)AFLEX=AFLEXXRH(3)

0521 S140 CALL KYBD(2HBS,IES,0)

0522 IF(ANG .GE.0)CGD TO 5143

0523 R=-1 ., XR

0524 ANG=ANG+PI12/2.0

052% S143 Li=IFIX(ANGCXS57,295779)

0526 IF(I.GT.NMYGD TO S250

0527 RMAX=RMM (1)

0528 IFCCIDL L EQ.2HX-) . OR. (ID1 .EQ.2H-1)) GO TO Si60
0529 IF((IDL . EQ.2HX ) .0R.(ID1.EQ.2HL >)GD TO 5470
05340 IFCCIDL .EQ.2HY-),0R,. (ID1.EQ.2H~2))G0 TO S180
0531 IF((ID1 . EQ.2HY ) .OR.(ID1.EQ.2H2 GO TD S4ii14
0532 IF(CIDL .EQ.2HZ-) .0R, (ID1.EQ.2H~-3))G0 TO 5500
0533 IF((ID1.EQ.2HZ ).OR.(IDL.EQ.2H3 )»)GO TO S240
0534 C

0535 C DIRECTIONAL COSINE CHECK

0536 C

0537 IF(ISSW(12))5144,514Y

0538 S$144 CONTINUE
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0539
0540
0541
0%42
0543
0544
054%
0546
0547
0548
0549
8550
0551
0552
0553
0%54
1555
0556
0557
0558
0559
0560
0561
0562
0563
0564
0565
8566
0567
0568
0569
0570
0571
0572
0573
0574
057S
0576
0577
0578
0579
0580
05814
0582
0583
0584
0585
0586
0587
0588
0589
0590
0591
0592
0593
0594
0595
0596
0597
0598

IFCIDL . NE.2HD DGO TO 5149

DO 5145 IM=1,3

IM3=TIM+3

R1=RXCOSC(RH(IM3)XPI2/360.0)

CALL RWCMCCIM,RL,L1,T,I5,1IP, 10HM,RMAX,0)
5145 CONTINUE

GO TO $51%
5149 CONTINUE

WRITE(L,5150)
$150 FORMAT(/, "ERROR-WRONG COORDINATE CODE™)

GO TO 5999

5160 R=-R

5170 CALL RWCMC(1,R,L4,I,I5,IP,IBM,RMAX,0)
G0 TO 5545

5180 R=-R

5111 CALL RWCMC(2,R,L4,1,1I6,IP ,IEM,RMAX,0)
GO TO 55iS

5500 R=-R

5210 CALL RWCMC(3,R,Li,I,IS,1IP,1HM,RMAX,0)
5515 CALL KYBD(2HES,IHS,0)
RMM (1) =RMAX
IF(ISSW(2))7400,7200
7100 CONTINUE
CALL IOSW(NU,0)
IFCI.EQ. 1)WRITE(NU, 730015, 1D4
7300 FORMAT(/,"POINT NUMEER = ", 14
1,/,"DIRECTION = % AR, /)
IFCIL.EQ. DWRITE(NU,9173)AMASS , AFLEX
IF(IL.EQ.£O)WRITE(NU,700%)
7005 FORMAT(/,"MODE",8X, "FREQUENCY",4X,"ZETA(Z) " ,4X, "MAGNI TUDE *
1,6X,"PHASE"/)
WRITE(NU,710S)I,FRACT), ZETACI) ,R,L1
7105 FORMAT(1X,I4,8X,F10.3,4X,F9.6,3X,612.6,4X,1%)
7200 CONTINUE
5250 CONTINUE
5999 IF(MBL1L.EQ.MEL2.AND.MFLAG.EQ.0)G0 TO 1000
IF (MBLL . EQ.MEL2, AND,MFLAG.EQ. 1060 TO 9003
MEL{=MEL L+
GO TO S00S
RO KKK AR KKK RO AOKHOKAOK A KK KK KK KK KKK K KKK KK KKK K KKK KK
C MASS STORE COMMAND
KRR IR AR KKK I KOK KKK KK A KKK AR KA OK KKK KKK KK KKK KK KKK K KK
3000 CALL KYBD(2HMS,IPAR41,IPAR2)

GO TO 1090
000 0K 30 3K 3K 850033030800 00000 0300038 5K K 802K 88 K 3K 30 KK K K HOK KK KK K K K K 30K KK KK AOK KKK K KKK
c REPLACE COMMAND

00 A0OKOK KK K 0 KK K 5K K K K 3 33 3K K K K 0K 30 3 K K KK 0K KK KKK KKK KK KKK OK KK KKK K K K
3500 CONTINUE

DO 3600 I=1i,MANRE

FRQCIHY=BNU(I) /P12

NCNC(I)=BNUCI)/(DFXPI2)-FSHFT/DF+1.0

IB(I)=~1 ., 0XBMUCT) /(DFXPI2)

ZETACI)=(~1, 0)XBMUCT)I X400 .0/ (SQRT(EMUCT) XX2+BNUCT) %%2))
3600 CONTINUE

GO TO 1000

RETURN TO MONITOR

9004 CONTINUE

(g} aooo
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0599
0600
0604
0602
0603
0604
0605
0606
0607
0608
0609
0614
0611
0642
0613
0614
0645
0616
0617
06418
0649

003

oo

9995

EXIT TO $Y901

IFLAG=1
CALL RWCOM(1)

CALL KYED(2HMS,38,-10,1)
caL.L ovLD(9)

CONT INUE

EXIT TO $Y903

IFLAG=97

CALL RWCDM(1)

CALL KYRD(2HMS,38,-8,1)
caLL OVLD(?)

CONTINUE

IL=2HE$

IFCICOMM,. EG. 12345)CALL RUWCOM(1)

CALL KYED(2HES, IRS, D)
RETURN

END

END$
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$Y9141 T=00004 IS ON CROOL03 USING 00049 RLKG R=0402

DDOL  FTN4
0002 SUBROUTINE Y0009 CINTOT, IPAR)
DOGE  CHRRAKKRINKK KA KKK KA ROKOKK ORI KKK ORI KR KOOI IR KKK KKK KK KKK
0004 C THIS PROGRAM IS STORED UNDER $Y91i
0005  CHRMAKKIKIKKIKKOKKNKIOKIKI KNI KK AOK K AR KA KK HOK KKK RO KK KK KK KK KK KKK
0006 C
0007 C PROGRAMMER :  R.J.ALLEMANG
0008 C MALl. LOCATION # 72
0009 C UNIVERSITY OF CINCINNATI
00i0 C CINCINNATI, OHIO A%221
001t C 543-475-6670
0012 €
‘ 0043 C REVISTON DATE: JAN 03, 1980
0044 C
0045 CARRAAKAKAAKAOKAIORIOKOKAOKHIKK K HOK KKK KK KKK AR K KKK IOK KKK KK HOK KKK O KK KKK K
i 6016 DIMENSION IPAR(6),LINE(36),LINEL(35),12(10),INQ(6)
0047 £,IDIV(L), ICMMD(24) , TH(1) ,EX1 (1), IY4C4), IDX(L), IDY (1)
0018 2,1C4 (1), IPTCMCL) , IDIRCE) , TCOMP(10) , IPT(250)
0049 EQUIVALENCE (LINE(2),LINEL)
0020 COMMON ICOMM,MANRE ,MDVA,BETA, IRLS, IT(S),ID(3) , IP ,NUMPT
0024 1,NM, ICON,NCOM, XXX (3,10),IX(3,40),TCCL0) ,NMP ,XR(3),A(2,3)
0022 2,003) ,TRCL0) ,NCNCL0) ,8F(2) ,XXA(2,3) ,YYA(2,3)
0023 3,FSHET,DF ,MCF, IZR,IL,IPARL,IPAR2, IPARZ, IPARA, IPARS , IPARG ;
0024 4, IFLAG,NS,NE,RMM(40) ,FRAC(L0) , ZETACL0) _
0025 EXTERNAL HDRS,DTADD,NMAX i
0026 DATA ICMMD/2HD ,2HV ,2HX ,2HEX,2H: , :
0027 12HM ,2H_ ,2HRO,2HA-, 2HAM,
0028 22HCH , 2HSP , 2HXK ,
6029 32MX),2HCV,2H¢ ,2HE ,2HL , :
0030 A42HW ,2HI ,2HK ,2HA+,2H/L,
0034 SOMX /

0032 CBKMORKNIOK A OK N OK KKK K ORI MK KA HOK K K AR K O KOK KKK 0K KK KKK 0K AOKOKOK KK KK AR K OK A OK KK KK KK X

0033 C UNIVERSITY OF CINCINNATI/LEUVEN MODAL ANALYSIS PROGRAM
0034 C
0035 C MODE MANIPULATION PROGRAM
0036 CRIMKKKKIOKKIAARK KKK AR KKK KKK IO KKK AR K K KKK KK AR HOK KK KKK KKK KK KKK K
0037 IRELL=7k
0038 IPAGE=15414H
0039 CALL SETAD(HDRS8,IH,-8,0)
0040 ICOMM=0
0041 1ES=1024

{ 0042 CALL KYED(2HBS,IES,0)
0043 CALL GETI(NMAX, IELM)
0044 ION=IBLM~1
0045 ICM=TON-1
0046 IBM=2
0047 DTR=6.283168%5/360,0
0048 I=IONXIES+270
0049 CALL SETAD(DTADO,IPTCM,I,-1)
0050 CALL RWCOM(0)
0054 IF(ICOMM.EQ.12345)G0 TO 900
0052 CALL KYED(2HMS,38,-2,1)
0053 CALL OVLD(9)

n 0054 900 CONTINUE
0055 IF(IFLAG.EQ.1)G0 TO 1430
0056  CRRKIMAEKARAKAK KKK KA AORKIK KRR KK AR KKK KKK KRR KKK KRR KKK KKK KK KKK K
0057 C START OF MONITOR

0058  CRINAKMKKANMIKANKKARHORRAKIORN KKK KKK KRR RRR KRR KRR KRR KRR KR KRR KRR K
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0059 1000 WRITEC(L,1010)IBELL
0060 1040 FORMAT("X" ,A2)

0061 I=1SWR(177677K,0,0)
0062 IPARL=-9999
0063 IPAR2=-99929
0064 IPAR3=-999%
0065 IPAR4A=-9999
0066 IPARS=~-9999
0067 IPARLE=-9999

0068 1020 DO 4030 I:=1,36

0069 1030 LINE(I)=2H,,

00790 1040 CALL TTYINCLINE)
0071 1042 CALL TEST(41,187,L0G)

6072 IFCIST.LT.0)GO TO 1042

0073 CALL CODE

0074 READC(LINE,1120)IL

0n7s 1120 FORMAT(A2)

0076 CaLlL. CODE

0077 READC(LINEYL , %) IPARL, IPARZ, IPAR3,IPAR4, IPARYS, IPARSG

QO78 SRR 0K AOK KKK KK K IR IOK K ORI KKK K K 30K KKK KOK 3OK 0K 3K K KK K 80K K 3K OK KKK K K K K KK K
0079 C MONITOR COMMAND TABLE

00806 CooROoRA KK KK KKK K K M K K K 30K K KK KK KKK OK A O KK KKK K K KOK KKK K K KK KK K K K K 0K 50OK KK K
0081 1130 IFLAG=0

008z CALL RWCOM(1)

0083 IFC(IL.EQ.2HE$)GO TO 1000
0084 NCMMD=24

6085 DO 1138 I=1,NCMMD

0086 IF(IL.EQ, ICMMDCINIGO TO 1144

0087 1138 CONTINUE
0088 1139 WRITE(L,1140)
608y 1140 FORMAT(/,"ERROR-ILLEGAL COMMAND")

0090 GO TO 1000

0091 1144 IFCL.GT.10)6G0 TO 1146

0092 GO TO (9004,9004,9004,9004,9004,9004,9004,9004,9004,9004),1

0093 1146 I=I-10

0094 IFC(L.GT.40)G0 TO 1148

0095 GO TO (9004,9004,6000,6500,9004,9995,1100,1100,9002,9004),1

0096 1148 I=I-10

0097 GO TO ¢9001,9003,9008,2000),1

0098 1500 CONTINUE

0099 IF (IPARL . EQ.37)60 TO 9G0S

0100 IF (IPAR1.EQ.10)GD TD 9006

0104 IF(IPARL.EQ.6)G0 TO 9007 {
0102 GO TO 1139

0103 CHRMKIRKIOKKIOKIORKNORKIKIOR KKK KKK KA KKK KKK KKK KKK KKK KKK KKK K
0104 C CALCULATE MODAL ASSURANCE CRITERION BETWEEN SHAPEVECTORS

0405  CRAMAMAMMAKIAKAAIKURAIOKKAOK KRR IR AR AKK KRR KA KKK KKK KK
0106 2000 CONTINUE

0107 IF(IPARL.EQ.1)G0 TO 4000

0108 IF(IPARY.EQ.2)GO TO 8000

0109 DO 2010 I=1,3

0110 2010 JDIR(I)=I

0144 DO 2020 I=1,10

0112 2020 JCOMP(I)=I

0113 DO 2030 I=4,250

0114 2030 JPT(I)=1

0115 2040 CONTINUE

0146 WRITE(4,2050)IPAGE, IBELL

0117 2050 FORMAT(A2,/,"ENTER OPTION FOR MODAL ASSURANCE CRITERIA: ™

0118 1,7,40X,"1) MEASUREMENT DIRECTION"

A-274




0119
0120
oiai
8122
0123
0124
012%
6126
0127
uias
0129
0130
01314
0132
0133
0134
0135
0136
0137
0438
0139
0140
01414
0142
0143
0144
0145
0146
0147
0148
0149
0450
01514
04152
0153
0154
01SS
0156
0157
0158
0159
0160
0164
‘ 0ib62
. 0163
0164
016%
0166
0167
0168
0169
0170
017%
0172
0173
0174
0175
0176
0177
0178

WY T ey

2100

2110

2420

21440

2150

22140

2220

2240

2250
2300

2310
2320

2340

2350
2400
2410

2420

2430

/,40X,"2) COMPONENTS®
/,40%,"3) POINT NUMBERS"
/,10X,"4) CONTINUE*
5,/,10X,"S) RETURN TO MONITOR",A2)
READ(1,%)IANS

GO TO (2100,2200,2300,2400,1000) IANS
CONTINUE

DO 2110 I=%,3

IJDIR(I)=D

CONTINUE

Ni=-9999

N2=-9999

WRITE(1,2140) IRELL

FORMAT(A2,/, "DIRECTION(S)?")
READ(1,%)N1,N2

IF(NL.LE.0)GO TO 2040
IF(N1.GT.3)GO TO 2120
IFC(C(N2.LE.0).0R. (N2.GT.3) )N2=N1
DO 2150 I=Ni,N2

IDIR(I)=1

GO TO 2120

CONTINUE

DO 2210 I=1,10

JCOMP(T)=0

CONTINUE

Ni=~9999

N2=-9999

WRITE(4,2240) IBELL

FORMAT(A2,/, “COMPONENT(S)7")
READ(1,¥)N$ N2

IF(NL.LE.0)GO TO 2040
IF(NL.GT.10)GO TO 2220
TF((N2.LE.0).OR, (N2.GT,40) )N2=N1
DO 2250 I=N{i,N2

JCOMP(I)=1

GO TO 2220

CONTINUE

DO 2310 I=1,250

IPT(I)=0

CONTINUE

Ni=-9999

N2=-9999

WRITE(1,2340) IBELL

FORMAT (A2,/, "PDINT NUMEBER(S)?")
READ({ ,%)N1,N2

IF(Ni.LE.0)GD TO 2040
IF(NL.GT.250060 TO 2320
IF((N2.LE.D),.OR.(N2.GT,250))N2=N1
DO 2350 I=Ni,N2

IPT(D) =]

GO TO 2320

CONTINUE

WRITE(4,2410)IBELL
FORMAT(A2,/,"ENTER REFERENCE MODE NUMBER:")
READ(41,%) IMODE
WRITE(1,2420) IBELL
FORMAT(A2,/,"ENTER ANALYSIS MODE NUMBER:")
READ (1 ,%) JMODE
WRITE(4,2430) IBELL

3,
a,

FORMAT(AZ,/, "ENTER METHOD ;PZ%E USED TO CALCULATE ’MAC’:"




0179
0180
0184
0182
0183
0184
018%
0186
06187
0488
0189
0190
0194
092
0193
0194
019%
0196
0197
0198
0199
0200
0201
6262
0203
0204
0205
0206
0207
0208
0209
0210
024114
0212
0243
0214
021
0246
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228
0229
0230
023¢
0232
0233
0234
0235
0236
0237
0238

2904
3000

3100

083 33
C

08BN R 000K KK 3 2 000 0 0K 000K KRS K 3K KK K KKK KK K OK KK K KKK HOK KK KK Kk

4000

4020

4030

4040

4050

1,/,10%,"1) COMPLEX SHAPEVECTOR"
2,7,10X,"2) REAL SHAPEVECTOR",/)
READ(1,%)MAC ]
IF((MAC.NE. 1) .AND. (MAC,NE.2) )MAC=1
AM1=0.0

AM2=0, 0

CMR=0.0

CMI=0.0

DO 3000 I=i,IP

IFCIPTCI) LEQ.0)GO TO 3000
K=IPTCM(I)

IF (JCOMP (K) .EQ.0)GO TO 3000

DO 2900 J=1,3

IFC(IDIRCT) .EQ.0)GO TO 2900
IF(ISSW(14) .LT.0)G0 TO 1000
RMAX1=RMM ( IMODE)

RMAX2=RMM( TMODE) ]
CALL RWCMC(J,Ri,Li,IMODE,I,IP,IEM,RMAXL,1)

CALL RWCMC(J,R2,L2,JMODE,I,IP,1EM,RMAX2,1)

IF (MAC.EQ.2)L1=90

IF(MAC.EQ.2)L2=90

AR1=R1XCOS(FLOAT(L1)%XDTR)

AR2=R2XCOS(FLOAT(L2)XDTR)

AI1=RiXSINCFLOAT(L1)XDTR)

AI2=R2XSINCFLOAT (L2)%DTR)

AM1=ARLXAR1+AT1XKAT 1 +AML

AM2=AR2XAR2+AT2XAT2+AM2

CMR=AR2XAR1+AT2XAT1+CMR

CMI=AR1XAI2-AR2KATL+CMI

CONTINUE

CONT INUE

AMAC=(CMRKCMR+CMIKCMI) / (AM1XAM2)

SFR=CMR/AM1

SFI=CMI/AM1

CALL IOSW(NU,0)

WRITE(NU,3400)AMAC,SFR,SFI

FORMAT(/, "MODAL ASSURANCE CRITERION.....",$0X,F10.7

1,/,"MODAL SCALE FACTOR(REAL)......",4X,F16.7
2,/,"MODAL SCALE FACTORCIMAG)......",4X,F16.7)

GO TO 1000
KRR AARAA AR KRR IR KKK AR HK KKK KKK AR KKKK KKK KKK
MODE SCALE

CONTINUE
WRITE(4,4020) IBELL

FORMAT(A2,/,"ENTER ANALYSIS MODE NUMBER?")
READ(1 ,%) IMODE

WRITE(4,4030)IBELL

FORMAT(A2,/,"ENTER DESTINATION MODE NUMBER?")
READ (1 ,%)KMODE

IF (IMODE .EQ.KMODE)GO TO 4000

IF (IPAR2,NE . -9999)G0 TO 4050
WRITE(4,4040)IRELL

FORMAT(A2,/,"ENTER MODAL SCALE FACTOR")

SFR=0,0 f
SFI=0.0
READ(4,%)SFR,SFI
CONTINUE
RMAX3=0 . 0

DO 5000 I=i,IP A-276




0239
02440
02414
0242
0243
0244
024%
0246
0247
0248
0249
0250
0251
02%2
02%3
0254
02%5%S
02%6
0257
02%8
02%9
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
p272
0273
0274
0275
0276
0277
0278
0279
0280
0281
0282
0283
0284
028%
0286
0287
0288
0289
0290
02914
0292
0293
0294
029%
0296
0297
0298

DO 4900 J=1,3
IFCISSW(14).LT.0)G0 TO 1000
RMAX1=RMM ( IMODE)
CALL RWCMC(J,R1,Li,IMODE,I,IP,IBM,RMAXL,1)
AR1=R1XCOS(FLOAT(L1)ADTR)
AL1=R1KSINCFLOAT(L1)XDTR)
AR3= (AR XSFR+ATILKSFI)
AIZ=(AT{KSFR-ARLXSF )
SF F=SFRASFR+SFIXGF I
AR3=AR3/SFF
AI3=A13/SFF
R3=5QRT(ARIKARI+AIIKATI)
ANG=ATAN2(AI3,AR3)
L3=ANG/DTR
IF(L3.GE.0)G0 TO 4500
R3=(-1,0)%R3
L3=L3+180
4500 CONTINUE
CALL RWCMC(J,R3,L3,KMODE,X,IP,IRM,RMAX3,0)
4900 CONTINUE
S000 CONTINUE
RMM (KMODE ) =RMAX3
FRQ(KMODE)=FRQ ( IMODE)
ZETA(KMODE ) =ZETA( IMODE)
NCN(KMODE ) =NCN ( IMODE )
IE(KMODE)=Ik( IMODE)

GO0 TO i009
0000 0000 000 00K KK K K KKK . 00K 0 8 0K K o K 0 0 03 83 3 0K KK 3K 3K 0K K oK K K
c MODE SUBTRACTION

CRARAKHARAKI AR IORK KRR KRR KKK IR KK KKK
8000 CONTINUE
WRITE(L,8010) IBELL
8040 FORMAT(AZ,/,"ENTER REFERENCE MODE NUMEER?")
READ( 1, %) IMODE
WRITE(1,8020) IBELL
8020 FORMAT(A2,/,"ENTER ANALYSIS MODE NUMBER?")
READ(1,%) JMODE
WRITE(1,8030) IBELL
8030 FORMAT(AZ2,/,"DESTINATION MODE NUMEER?")
READ( 1 ,%)KMODE
IF (IMODE . EQ.KMODE)GD TO 8000
1F (JMODE .EQ . KMODE)GO TO 8000
RMAX3=0, 0
DO 8990 I=1,IP
DO 8900 J=1,3
IF(ISSW(14),LT.0)60 TO 1000
RMAX 1 =R MM ( IMODE )
RMAX2=RMM ( TMODE )
CALL RWCMC(J,Ri,Li,IMODE,I,IP,IBM,RMAXL,1)
CALL RWCMC(J,R2,L2,JMODE,I,IP,IBM,RMAX2,1)
ARL=R1XCOS(FLOAT(L{)XDTR)
AR2=R2XCOS(FLOAT(L2)XDTR)
AIL=R{IXSINCFLOAT(L1)XDTR)
AI2=R2XSIN(FLOAT(L2)XDTR)
AR3=AR2-AR 1
AI3=AI2-AT4
R3=5QRT (ARIKARI+AIIRAII)
ANG=ATAN2(AI3,AR3)
L3=ANG/DTR
IF(L3.GE.0)G0 TO 8500
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0299 R3=(-1 .0)%R3
0300 L3=1.3+480
03014 8500 CONTINUE
0302 CALL RWCMC(J,R3,L3,KMODE,I,IP,IBM,RMAX3,0)
0303 8900 CONTINUE
0304 8990 CONTINUE
030% RMM (KMODE ) =RMAX3
0306 FRQ(KMODE)=FRQ(IMODE)
0307 ZETA(KMODE)=ZETA(IMODE)
0308 NCN(KMODE ) =NCN(JMODE)
0309 IB(KMODE)=IB(JMODE)
0310 GO TO 1000
0314 C
03i2 C STORE AND READ SET-UP AND MODAL DATA TO AND FROM DISC
0313 C
0314 C READ
0315 C
0316 6000 CALL KYBD(2HMS,3%,1)
0317 CALL KYBD(2HMS,2%)
0318 IF(IPARL .EQ.-9999)G0 TO 7000
0319 IF(CIPARL.GE.O0) . AND . (IPARL . LE.800)) CALL KYBD(2HMS5,31,IPARY)
0320 IFC(IPARYL .LT.0) . 0R, (IPARL.GT.B800))GO TO 6800
0321 CALL KYBD(2HMS,11,0)
0322 CALL KYED(2HMS,31,-1,1)
0323 CALL RWCOM(-1)
0324 IF(ICOMM.NE, 1234%)G0 TO 6800
0325 CALL KYED(2HMS,11,I0N)
0326 CALL RUWCOM(CO0)
0327 IF(ICOMM,.NE . 12345)G0 TO 6800
0328 NMP =0
0329 IRI=1ICM
0330 CALL KYBD(2HMS, 14 ,IRJ)
0331 IRJ=IRJ-14
0332 6100 DO 6200 I=IBM,IRJ
0333 6200 CALL KYBD(2HMS,14i,I)
0334 CALL KYEBD(2HMS,35,1)
0335 CALL KYEBD(2HMS,1%)
0336 ICOMM=4234S
0337 WRITE(L,1235)CIT(I),I=4,5%)
0338 1235 FORMAT(/,"TEST ID IS",23X,5A2)
0339 GO TO 4000
0340 C
0341 C STORE
0342 C
0343 6500 CALL KYBD(2HMS,35,1)
0344 CALL KYBD(2HMS ,2%)
0345 IF(IPARL .EQ,.-9999)GO TO 7500
0346 IF((IPARL .GE.0) .AND, (IPARL.LE.B00))CALL KYBD¢(2HMS,31,IPAR1)
0347 IFCCIPARL .LT.0).0R,.(IPARL.GT.B00))>GO TO 6800
0348 IL=2v$$
0349 CALL RUWCOM(4)
0350 IH(6)=5252%8
0354 IH(9)=10
0352 IH(10)=IT(1)
0353 IH(44)=1IT(2)
0354 IH(L2)=IT(3)
0355 IH(13)=1IT(4)
0356 IH(14)=IT(%)
0357 IH(34)=2H74
0358 CALL KYBD(2HMS,21,1I0N)
A-278
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0359 CALL KYBD(2HMS,21,1ICM)
0360 IH(34)=2H72

0361 IRI=ICM-1

0362 IPARLI=IPARL+2

0363 DO 6700 I=IEM,IRJ

0364 IPARL=IPARL+4

036% 6700 CALL KYBD(2HMS,21,1)
0366 WRITE(L,6701)IPARY
0367 6704 FORMAT(/,"NEXT DATA RECORD IS ",14)
0368 CaLL KYED(2HMS,35,1)
0369 CALL KYED(2HMS,1i%)
6370 GO TO 1000

0371 6800 WRITE(L,6804)
0372 6801 FORMAT(/,"ERROR-INVALID DATA RECORD")

0373 NMP=0
0374 ICOMM=12345

0375 GO TO 1000 :
0376 C |
0377 C LOAD MODE SHAPEVECTOR i
0378 C

0379 7000 CONTINUE

0380 WRITE(L,7004) IRELL

0381 7004 FORMAT(AZ,/,"SOURCE MODE NUMRER?") |
0382 READ (1 ,%) IMODE

0383 RMAX=RMM ( IMODE)

0384 DO 7400 I=1,IP

038% CALL RWCMC(1,R,L1,IMODE,I,IP,IKEM,RMAX,1)

0386 CALL RWCMC(L,R,Li,1,1,IP,1,RMAX,0)

0387 CALL RWCMC(2,R,L1,IMODE,I,IP,IBM,RMAX,1)

0388 CALL RWCMC(2,R,L1i,1,I,IP,1,RMAX,0)

0389 CALL RWCMC(3,R,L1,IMODE,I,IP, TEM,RMAX,1)

0390 CALL RWCMC(3,R,L1,1,1,IP,1,RMAX,0)

0394 7160 CONTINUE

0392 1BW=1E(IMODE)

0393 ICHAN=NCN ( IMODE)

0394 FREQ=FRQ( IMODE)

0395 DAMP=ZETA ( IMODE)

0396 MAXPT=1p

0397 GO TO 1000

0398 C

0399 C STORE MODE SHAPEVECTOR

0400 C

0404 7500 CONTINUE

0402 WRITE(4,7504) IBELL

0403 7501 FORMAT(A2,/,"TARGET MODE NUMEER?")

0404 READ (4 ,%) IMODE

0405 IF (IMODE.GT.NM)GO TO 7500

0406 IF(IP.GT.MAXPT)GO TO 7900

0407 RMM ( IMODE ) =RMAX

0408 1B (IMODE)=1BW

0409 NCN(IMODE)=ICHAN

0410 FRQ(IMODE)=FREQ

0414 ZETA(IMODE)=DAMP

0442 DO 7600 I=1,IP

0413 CALL RWCMC(1,R,L1,1,I,IP,1,RMAX,1)

0414 CALL RWCMC(4,R,Li,IMODE,I,IP,IBM,RMAX,0)

0415 CALL RWCMC(2,R,L1,1,I,IP,i,RMAX,1)

0416 CALL RWCMC(2,R,L1,IMODE,I,IP,IEM,RMAX,0)

0417 CALL RWCMC(3,R,Li,1,I,IP,1,RMAX,1)

0418 CALL RUCMC(s,R,L1,IMODE,I,%:%;SM,RMAX,O)
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0419
0420
0421
: pa22
0423
0424
0425
0426
0427
0428
0429
0430
0431
0432
0433
0434
043%
0436
0437
0438
0439
0440
0441
0442
0443
0444
0445
0446
0447
0448
0449
0450
0451
0452
0453
0454
0455

7600
7900

79014

CONTINUE

GO TO 1000

CONTINUE

WRITE(L,7901)IRELL
FORMAT(A2,/,"ERROR-ILLEGAL VECTOR LENGTH")
GO TO 1000

4000000000000 0000 00 003003 K K 0 30 K30 K A oK K K K R KKK K KK KK 0K KK KK KK K KK K K 0K KKK oK oK 0K

c

EXIT 7O OTHER QUERLAYS

0000000000000 0 000 0 3000 3 030 KR035 0 OB 0 3 0o oK 3 KRR KK K KK o KK 3K K o 80 0K 3 K 0K 3K KK K KK K K

20014
?002
2003
9004
?00S
9006
?007
2008

?900

?99S

I=4
6o 70
I1=2
GO TO
I=3
GO TO
I=4
GO TO
I=%
60 T0O
I=6
GO TO
I=7
GO TO
I=8
GL TO 92900

CONTINUE

IFLAG=14

CALL RWCOM(1)

CALL KYBD(2HMS,38,I)

CaLL OVLD(%)

CONTINUE

IL=2H#$

IF(ICOMM . EQ.12345)CALL RWCOM(1)
CALL KYBD(2HES,IES,D)

RETURN

END

ENDS :

9900
9900
9900
9900
9900
92900 !

?900
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$YF060

00014
0go2
0003
06004
0005
0066
6607
0008
6069
0040
00113
sote
6013
0014
0045
0046
00417
noig
00419
6026
0021
voz2a
0ona23
0624
0025
6026
0627
o286
0029
0030
0031
0032
0033
0034
003%
0036
0037
0038
0039
0040
0044
0042
0043
0044
004S
0046
0647
0048
0049
0050
0051
gos2
0053
0054
005S
0056
0057
0058

T=000664 IS ON CRO0103 USING 000419 BILKS R=0147

FTNA4,L

SUBROUTINE YOOO9CINTOT,IPAR)
C
C THIS PROGRAM 18 STORED UNDER $YZ00
c
030K 00 KKK SIOK 30K 30K KK 3 K 33K KK KK K K K 3K 3K K KK SR 3K KK K SOK K 3K 0K K KK KKK K KK XK KK K K 0K oK oK K
c
C PROGRAMMER : R.J.ALLEMANG
c MAIL LOCATION # 72
C UNIVERSITY OF CINCINNATI
C CINCINNATI, OHIO 45221
L $13-475-6670
c
C
c
C

REVISION DATE: JAN,19,1980

ACHOKORAOK KKK KO SORK KKK AR KKK KKK KKK KKK KK KKK IR KKK KKK KK KKK KKK KKK K

DIMENSION IPAR(6),LINE(36),LINEL(3S),I1Z(40),INQ(S)
4,IDIV(L) , ICMMD(24) , TH(1) , IX1 (1), IYL (L), IDX(L),IDY (1)
2,IC4¢4), IPTCM(L)

EQUIVALENCE (LINE(2),LINEf)

COMMON ICOMM,MANRE ,MDVA,BETA, IBLS, IT(5),ID(3), 1P, NUMPT
1,NM, ICON,NCOM, XXX(3,40),IX(3,10),IC(10),NMP,XR(3),A(2,3)
2,003),IK(10),NCN(10) ,SFC2) ,XXA(2,3) ,YYA(R,3)
3,FSHFT,DF ,MCF,1ZR,IL,IPARL, IPAR2, IPARZ, IPAR4, IPARS, IPARS
4,IFLAG,NS,NE,RMM(10) ,FRAC1L0) , ZETACL0)

EXTERNAL HDR8,DTADO,NMAX

DATA ICMMD/2HD ,2HV ,2HZ ,2HEX,2H: ,
12HM ,2H_ ,2HRO, 2HA-, 2HAM,
22HCH, 2HSP , 2HXC ,
32HX) ,2HCV, 2HC ,2HE ,2HL
42HW ,2HT ,2HK ,2HA+,2H/L,

S2HX /
0K 0 K000 3K KKK 083K K30 KR KKK K OK HOR KKK KKK K K K K KK KKK KK KK K 3K KK 0K 3K K XK
c UNIVERSITY OF CINCINNATI/LEUVEN MODAL ANALYSIS PRUGRAM
c
C DUMMY OVERLAY PROGRAM
0RO AR AR 3K 2K 00 50K o 0B K K0 0K 3 K K K K K 20 2 00 80K 000 300 300 0 0 0K KKK KKK K K 30K K KK K K
IBELL=7ER

IPAGE=15414R
CALL SETAD(HDRS,IH,~-8,0)
1COMM=0
IBS=1024
CALL KYED(2HES,IES,0)
CALL GETI(NMAX,IELM)
ION=TBLM-1
ICM=I0N-1
IEM=2
I=IONXIES+270
CALL SETAD(DTADO,IPTCM,I,-1)
CALL RWCOMC0)
WRITE(L,900) IRELL
900 FORMAT(A2,/,"ERROR~-COMMAND NOT AVAILABLE IN CONFIGURATION"
$,/7," OF SOFTWARE AND HARDWARE™)
CHARAKRRRARRAR AR K IR AR KRR K KK KKK KRR KKK KRR KK KKK KKK KKK
c START OF MONITOR
CRKAA KRR AR AARAAO IR KA ANR KKK KKK KA R KK KKK KKK KKK KKK AR KK
1000 WRITE(1,1040) IRELL
1040 FORMAT("%",A2)
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0059
0060
G064
0062
0063
0064
006%
00866
0067
6068
0069
0070
0071
eo72
0073
00674
0075
0676
0077
0078
0079
0080
00814
0082
0083
0084
008%
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
6096
0097
0098
0099
6100
01014
0102
0103
0104
0109
0106
0107
0108
0109
D110
0114
0112
0113
0144
04415
0116
0147
0148

1020
1030
1040
1042

1120

1=ISWR(1776778,0,0)
IPARL=~9999
IPAR2=-9999
IPAR3=~9999
IPAR4=-9999
IPARG=~9999
IPAR6=~9999

DO 1030 I=1,36
LINECI)=2H, ,

CALL TTYINCLINE)

CALL TEST(1,IST,L06)
IF(IST.LT.0)GO TO 1042
CALL CODE
READ(LINE,1120)IL
FORMAT (A2)

CALL CODE

READ (LINE1,%)IPARL,IPAR2,IPARZ,IPAR4,IPARS, IPARS

C000 300 300N 0K KK K 30K K0 KK K K K 30 K 8 5K 5K 3 30 0 0K K 30K K 30K KK K KKK KK 0K 5K KoK K 30K %K K

c

MONITOR COMMAND TAELE

COR ORI K K K KKK K KKK ORI OK K KK KK A 0K KR K KKK KKK K KK KK K K K K KK XK K KKK KKK K KKK

1130

1138
1139
1140
1144

1146

1148

1100

S0 K . 3K K M IR K 3K 5 0 30 2 0 03 K 0K KKK KK ORI KKK KK 3K KK KKK KOKOK K KK KK

c

CAOMK A KON R AR KRS K K K KK KKK 0 KK KKK KK KKK 3O K KK KA KK KKK K IOK 3K K K

9004
2002
9003
9004
9005
9006
9007
%008

IFLAG=0

CALL RWCOMC1L)

IF (IL.EQ.2H$$)G0 TO 1000

NCMMD=24

DU 1138 I=1,NCMMD

IFCIL.EQ. ICMMDC(I)IGO TO 1144

CONT INUE

WRITE(L,1140)

FORMAT(/, "ERROR-ILLEGAL COMMAND")
GO TO 1000

IFCL.GT.40)G0 TO 1146

GO TO (9004,9004,9064,5004,9004,9004,9004,9004,9004,9004),1
I1=I-10

IF(I,GT.40)G0 TO 1148

GO TO (9004,9004,9004,9004,9004,9995,1100,1400,9002,9004),1
I=1-40

GO0 TO (9001,9003,9008,9011),1
CONTINUE

IFC(IPARL.EQ.37)6G0 TO 9005
IF(IPARL.EQ.10)CD TO 9006
IF(IPARL . EQ.6)GO TO 9007

GO TO 1139

EXIT 7O OTHER DVERLAYS

I=1

GO TO 9900
I=2

GO TO 9900
I=3

GO TO 9900
1=4

GO TO 9900
1=5

GO TO 9900
I=6

GO TO 9900
1=7

GO TO 9900
=
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0119
0120
0121
0122
0123
0124
0425

0126
0427
0128
0129

: 0130

{ 0134
0132

0133

7041

9900

9995

GO TO 9900

I=41

GO TO 9900

CONTINUE

IFLAG=1

CaLL RWCOM(1)

CALL KYBD(2HMS,38,1)
CALL OVLD(9)

CONTINUE

IL=2H#$#
IF(ICOMM.EQ.1234%)CALL RWCOM(1)
CALL KYERD(2HES, IES,0)
RETURN

END

END$




APPENDIX B
AIRCRAFT SOFT SUPPORT SYSTEM

1.0 SYSTEM REQUIREMENTS

An aircraft soft support system for use in ground vibration testing is a system
which supports the airplane in such a manner that its elastic modes of vibration
are little medified by the presence of the support. This is accomplished by
supporting the airplane so that 1) its rigid body natural frequencies are
sufficiently Tower than the first elastic mode and the damping in these rigid
body modes sufficiently low so that there is little coupling between these rigid
body and elastic modes, 2) the support pickup points on the airplane are selected
to minimize their effect on the significant elastic modes of the airplane, 3) the
internal resonances of the support system (including the test airplane mass) are
well separated from the elastic modes of interest on the test airplane and, 4)
the airplane resting on the support system is sufficiently stable. In addition
the support system should be sufficiently rugged and reliable to require little

attention during use.

B-1




2.0 CANDIDATE APPROACHES

2.1 Low Spring Rate Component

Soft support systems usually contain a discrete low spring rate component to
provide the low frequency support and avoid internal resonances. This section

discusses several ways this has been accomplished.

Soft Tires - Partially deflating the tires is an expedient way to obtain a soft
support. In addition there is no doubt atout airplane stability, as the airplane
rests on the landing gear just as it was designed to do. Soft tires have the
disadvantage that the frequency separation between the rigid body and elastic
modes is margional, typically 1:2 in frequency, and frequently the tires are

damaged.

Air Bags - Supporting the test airplane on air bags can offer excellent frequency
separation, Air bags have the disadvantage of having such low damping and low
lateral stiffness that stability of the airplane becomes a problem. Often

auxiliary devices must be used to compensate for this shortcoming of air bags.

Mechanical Springs - Mechanical springs can be selected which offer excellent
frequency separation. Friction in the springs and the large static deflection
that accompanies the low natural frequencies cause difficulties with mechanical

springs.




Bungee - Bungee cord supports have been constructec that had very good frequency
separation. Difficulties involved large static deflections and load distri-

bution among the multiple bungee cords.

Airsprings - Airsprings have been used with success on a number of tests. The
airsprings consist of an air chamber with a sealed platform floating on the air
contained in the chamber. Self leveling feedback control devices and dampers are
common components. Potential disadvantages of airsprings are limited trave)l and
a requirement for a compressed air source. Custom fabricated airsprings were
developed for use in the XB-70 GVT and are in routine use at DFVLR. The
airsprings used in the A-1i0 test were commercially available off the shelf

models.

2.2 Support Configuration

Overhead - Suspending the test airplane from an overhead support is a very
attractive way to satisfy airplane stabillity reguirements. Regardless of the
inherent stability of the low spring rate component, pendulum stability will
assure a stable system. The difficulty with this approach is that the overhead
support invariably has a long load path to ground. This load path must be quite
stiff to avoid internal support resonances that couple with the test airplane.
Hangar walls and roofs rarely provide the required stiffness and a special

overhead frame is usually required for the GVT.

Underneath - Suspending the test airplane from below rather than with an overhead

suspension permits designing to avoid internal support resonances much more

easily. The load paths to ground are usually very short, although care must be
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taken to verifying that the hangar floor the supports rest on is reasonably

rigid. On a number of unfortunate occasions the fill under the floor was found
to have settled, and the floor was really hollow. Special attention must also be
paid to airplane stability with an underneath suspension. The low spring rate
components tend to be unstable in compression and special attention must be paid
to this in designing the support system. Although easier access to the airplane
has been cited as an advantage to an overhead support system, accessibility is
much more affected by design details of the system than by overhead or under

configuration.

14 et
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3.0 A-10 TEST SOFT SUPPORT SYSTEM

3.1 System Description

The system selected for the A-10 demonstration ground vibration test of this
contract included airsprings and an underneath support configuration. . Three
airsprings and supports were used. The airplane was supported at the aft body
jacking point and at the auxiliary jacking points at either side of the fore
body. This provides minimum constraint to the wing and to aft body torsion, so
the coupling between the soft support system and most of the sighificant modes of
the airplane should be low. This support configuration also provided stability.
Both roll and pitch stability were insured because the fore body jacking fittings
are located vertically near the c.g. and because the forebody and aft body

jacking fittings are far apart.

3.1.1 Airsprings

Commercially available airsprings were used in the A-10 system. These airsprings
had a mechanical servo system that kept the floating platform at a constant
level. When the load on the airspring increased and the level dropped the input
air valve opened and the air pressure in the airspring increased until the
platform was returned to the desired level. When the load decreased and the
platform level raised air was valved from the airspring by the servo to regain
the desired level. The time constant in this servo system was about 10 seconds.
Because this airspring is a nearly constant air volume device, the natural

frequency is nearly independent of the mass it is supporting. For the airsprings
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selected, the manufacturer specified a vertical natural frequency of 1.5 + .1 Hz.
The manufacturer also specified a lateral natural frequency of 2.5 Hz. The

airsprings incorporated a damper.

3.1.2 Support

The supports under the airsprings were concrete blocks. The concrete blocks
rested on the hangar floor. Their height was selected to facilitate instailation
of the airplane on the soft support system. The hangar floor at the test site had
been constructed quite some time ago of very massive heavily reinforced concrete

especially for test work.

3.2 Fabrication

The commercially available airsprings were delivered in less than four weeks
after ordering. The concrete blocks were poured in-house in wooden forms. Note
the fork 1ift fittings cast into the concrete blocks and the steel bed plate on
top of the concrete blocks (see the photographs). New concrete blocks should
probably be poured for each new airplane design tested since a different support
height will usually be required and the blocks are easy to fabricate. The blocks

for this test were fabricated in three days at very modest cost.

A fitting was fabricated to mate the top of the airspring to the airplane jacking
fitting. Although this fitting was originally designed as a ball and socket
fitting, it later had to be redesigned as a clamped fitting. This is needed

because the floating plate of the airspring can transmit no moments, and in order
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that the plate float level either a point load must be applied at its exact

center, or a clamped fitting must be used forcing the plate to float level.
3.3 Installation

The concrete blocks were sized to permit easy installation of the airplane on the
soft support system. To install tne support system first the airplane's oleo
struts were blown to full extension. The concrete blocks were positioned under
the jack fittings and the airsprings were placed in position. The airsprings are
unpressurized and bottomed. The wing jacks were set in place and the airplane
was jacked from the wing jacks. The main landing gear oleo strut was depressur-
ized and the main landing gear was retracted. The wing jacks were slowly
lowered, placing the weight of the airplane on the airsprings. The nose gear

oleo strut was depressurized and the nose gear was retracted.
3.4 OQperating Procedure

The system worked fine with little attention required. At the end of the test

day the wing jacks were set in place and the air was released from the air-

springs. To start the test day the airsprings were pressurized and the wing

Jjacks removed. About every three days the nitrogen bottle used to pressurize the
system was replaced. The rate of nitrogen consumption was increased because of

valving when someone would be walking on one wing (e.g. to check a troublesome

accelerometer) with the suspension system active.
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4.0 BOILERPLATE TEST

A boilerplate test was conducted on the airsprings to verify .ieir operation
before the GVT and to confirm the manufacturers natural frequency specifica-

tions.

Two different test rigs were used. The test rigs were assembled from standard
structures laboratory "tinker toy" I beams, 2500 )b. dead weights and the air-
springs. The first test rig attempied to simulate the airplane mass, inertia and
jacking point Jocations. As first built up this rig had its center of gravity
about two feet higher than the airplane‘'s. This system was unstable in roll
because the natural frequency in roli coincided with the natural frequency of the
servo~leveling feedback control system. (Note that gravity acts as a negative
spring in roll for this case. The effective roil spring is the airsprings minus
the gravity effect. The higher the c.g. the larger is the gravity effect.) After
the rig was rebuilt to get the c.g. correct there were no more stability

problems. The rig was shaken to determine its modes and frequencies.

The results of this test are tabulated in Figure B-1. A sketch of this rig is
included in Figure B-2. Because this rig proved undesirably flexible a second
test rig was built. This rig had the long flexible elements shortened up as much
as possible. The mass of the airplane was matched by the rig and the jacking
point locations approximately preserved, but inertia was not matched. The rig

was only shaken for the vertical translation mode, which was recorded as 1.41 Hz.

Photographs of the test rig are shown on Figures B-3 through B-8.
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Frequency Description
5 Hz Body roll - More rocking
motion on aft pillow
1.17 Hz Roll about logitudinal
Not a clean mode

15 Hz Pitching of body
{frequency could be from
1.5t 1.7 Hz.)

2.6 Hz Forward - Aft pitching
forward end with small
amplitude - not in or
out of phase

29 Hz Body torsional - Aft
shimmy lateral {frequency
couid be from 2.8 to 3.0
Hz.)

3.7 Hz Forward body vertical

4.5 Hz Right front vertical some
rolling of structure with
FWD-AFT movement

6.9t0 9.0 Hz Beam bending and 2640#

mass motion (rocking}

Note:

The response of this structure is complex - all modes contain
motion in practically every possible direction. Damping
appears fow - for the structure and high for the pillow
supports. The supports do bottom out at low frequencies
and lateral motion of only about 1/4** can exist before
exceeding the units side travel.

Figure B-1. Boilerpiate Test Rig No. 1 Results
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LM EXCITER 2,640-1b
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T Vi
120 ) G \ l 60
- =
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NA
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30 X RIGHT
’ FORWARD AFT
LEFT
b= A.ecelorometer o 240
pickup location
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L 0
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Z:EF POINT ON FLOOR
@ Beams—85 Ib/running ft

o All dimensions in inches
o Not to scale ® Bed plates under weights— 1-in steel

Figure B-2 A-10 Air-Spring Suspension
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Figure 8-3. Boilerpiste Test Rig
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Figure B-6. Aft Airspring—Boilerplate Test
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Figure 8-8 Shaker Installation—Boilerplate Test
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